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Abstract 
 
Factors that Influence the Distribution of Antibiotic Resistant 
Bacteria in the Mud River, WV  
 
Timothy S. Dotson, Dept of Biological Science, Marshall University, 1 John Marshall 
Dr., Huntington, WV 25755 
 
Background: Prior studies of the Ohio and Mud Rivers have shown that fecal 
contamination alone does not explain the distribution of antibiotic resistant bacteria 
(ARB) in surface waters.  The objectives of this study were to determine effects on the 
distribution of ARB in the Mud.  Methods: Water samples and physical parameters were 
collected twice per season in spring through fall at 12 sites on the Mud River.  Aliquots 
were plated on R2A agar and R2A agar plus individual antibiotics for the enumeration of 
total cultivable bacteria, and cultivable bacteria resistant to ciprofloxacin, virginiamycin, 
or tetracycline respectively.  The IDEXX Quanti-Tray/2000™ method was used to 
enumerate total coliforms, E. coli, and antibiotic resistant E. coli (AREc).  Atomic 
absorption spectrometry was used for heavy metals analysis. Watershed land use 
parameters were observed and mapped using ARC Map 9.2.  Raster analysis and 
CANOCO 4.5 were used for statistical analyses.  Results:  Storm water runoff 
significantly increased the load of E. coli and ARB in surface waters.  E. coli and AREc 
counts were always far below ARB counts which increased each season and were higher 
under conditions of lower dissolved oxygen/temperature and higher conductivity with 
strong associations between ARB and urban/paved areas and cattle pastures.  
Conclusions: These data represent an early step in understanding both the natural and 
anthropogenic characteristics that impact the distribution of ARB in surface waters.  If 
surface water ARB represents a human health risk, studies such as this will be important 
in modeling the relationships between water resources and public health. 
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Chapter 1 
 
Literature Review 
 
Introduction 
Antibiotic resistance is an increasing problem in medical settings and it is 
becoming clear that large numbers of resistant bacteria can be isolated from the 
environment.  Previous studies have correlated the presence of antibiotic resistant 
bacteria (ARB) in the environment with the effluents from wastewater treatment plants 
(11), industrial pollution (23), heavy metal pollution (23), urban areas (6), flood water 
runoff (35), industrial land use patterns (34) and impervious surfaces (34).  River systems 
have been shown to be reservoirs for antibiotic resistant genes and a medium for 
horizontal and vertical gene transfer (5).   
There is also a connection between ARB and live stock (21).  This can be through 
the same route as in clinical medicine as the antibiotic is ingested, passes through the 
livestock’s digestive system and is expelled in feces or in the more direct approach of 
leaching through the addition of antibiotics to livestock food and it leaches from the food 
during a rain event.  Antibiotics are added directly to livestock feed and when exposed to 
a rain event, the antibiotic is simply washed from the feed and leaches into the watershed 
and subsequently into the river system.  This is an important instance of direct application 
of an antibiotic to the river system. 
Since 2001 numbers of ARB in the Ohio River have been evaluated on a yearly 
basis. There have been numerous studies on the distribution of E. coli and ARB on the 
Ohio river with this data (33, 34, and 35).  There are no published data on the distribution 
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of antibiotic resistant bacteria in the Mud River.  Study of the antibiotic resistant and 
fecal indicator bacteria in the Mud River and examination of the factors that influence the 
distribution of antibiotic resistance, with analysis of antibiotic resistant bacteria (ARB) 
vs. seasonal water temperatures, land use, metals, and precipitation, complements 
ongoing research in the Environmental Microbiology Research Laboratory (EMRL) at 
Marshall University regarding the frequency and distribution of ARB in the Ohio River 
basin. 
 
Why look for sources of antibiotic resistance? 
 In a European Environment Agency report on the precautionary principle, Dr. 
John Snow was reported to have had the Broad Street water pump removed in 1854 in a 
successful attempt to control the spread of cholera.  This was five years after he had 
published a paper linking the spread of cholera with exposure to polluted water (15).  In 
this policy-changing event evidence supported the action, but the research had to be done, 
presented, and widely accepted before this simple precautionary measure for avoiding 
and controlling disease was instituted.  Some policies are not as easily implemented and 
are costly, which means the need for strong supporting evidence is essential to implement 
change now that will ensure public health in the distant future. It has also been that 
―systematic surveillance‖ is required to control the dispersal of antibiotic resistant 
bacteria (24).  This means that there needs do be standards for the regulation of all 
sources of antibiotic resistance such as there is with the regulation of antibiotics in a 
clinical setting or in the application to live stock.  As these are only a part of a whole 
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system of sources of antibiotic resistance, determining the other effects on ARB are 
crucial to affecting changes in them.    
 In 2001 the World Health Organization (WHO) published a report, Global 
Strategy for the Containment of Antimicrobial Resistance, in an attempt to provide guide 
lines for drug use.  In their 2004 report WHO noted the difficulty of intervention due to 
multiple and unknown sources of antibiotic resistance.  In this report they described the 
Antibiotic Resistance Containment and Surveillance (ARCS) approach which relies on 
prevention, regulation, and education (32).  The need for containment and regulation 
concerning antibiotic resistant bacteria has been an increasingly growing and urgent 
concern (22, 39, and 40).  Understanding the sources of antibiotic resistance is vital for 
preserving public health.   
 
Clinical Origins of Antibiotic Resistant Bacteria 
 The rise of ARB in healthcare settings due to over prescription or poor regulation 
of antibiotics is a recurring topic in the news.  It is a global problem.  A 2005 study in 
Siliguri has shown that there is little regulation of antibiotics.  In many countries, 
antibiotics are sold without a prescription.  The wide use of antibiotics has been linked to 
an increase in antibiotic resistance in wastewater bacterial communities through 
horizontal gene transfer (26).   
 A 2005 study in Portugal tested Enterococci samples above and below hospital 
effluents for resistance to the antibiotic vancomycin.  The study examined virulence 
traits, or the ability of the Enterococci to cause disease, which would suggest a clinical 
origin.  They found vancomycin resistant isolates downstream of the hospitals had the 
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virulence traits, and some vancomycin resistant isolates above the hospitals did not have 
these virulence traits.  These data were interpreted to mean that these Enterococci had 
acquired their resistance to vancomycin from other sources such as horizontal gene 
transfer (26).  
 
Livestock Origins of Antibiotic Resistant Bacteria 
It is believed that the distribution of ARB is also influenced by some practices 
associated with animal agriculture.  Antibiotics are frequently added to livestock feed and 
can enter the environment either through livestock waste products or by leaching directly 
from the feed into groundwater or surface water during rain events.  Antibiotics are also 
used in animal husbandry and to stimulate animal growth.  One study examined regions 
in Europe and over two years, 1999 to 2000, samples were collected from animal meat, 
animal feces, and the environment and tested for vancomycin resistant Enterococci.  
Avoparcin, which is chemically similar to vancomycin, had been used in animal 
husbandry in these regions.  Vancomycin resistance had been correlated with the use of 
avoparcin in livestock. Due to this correlation, avoparcin had been banned in one of the 
studied regions in 1986.  In this region there was a greater decrease in vancomycin 
resistant Enterococci than in a region where the ban had only begun in 1997.  This 
correlation with the avoparcin ban and lower vancomycin resistant Enterococci shows 
that if preventive steps are taken there can be a reversal of the distribution of resistance if 
there are regulations on the sources of antibiotic resistance inputs into the environment 
(21). 
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Agricultural Origins of Antibiotic Resistance 
 Antibiotics have long been used to control bacterial diseases in plants.  The 
antibiotics such as streptomycin, oxytetracycline, gentamicin, and oxolinic acid were 
applied in various ways including crop dusting or spraying (25).  This causes direct 
inputs of antibiotics into the environment, and creates pressure for the selection of ARB 
in the environment. Through horizontal gene transfer this resistance can be passed on to 
disease-causing bacteria, meaning that treated crops may have an indirect impact on 
public health. 
 
Heavy Metal Origins of Antibiotic Resistance 
 Many studies have found significant correlation between heavy metal resistance 
and antibiotic resistance (1, 3, 7, 8, 11, and 31).  Studies have specifically examined the 
association between heavy metals and antibiotic resistance in waste water, fresh water, 
and drinking water (7, 8, and 37).  Some of the metals that have been associated with 
antibiotic resistance are Ag, As, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sb, Te, Tl, and Zn in 
various ion forms (3, 31).  A study published in April 2006 used plasmid sequencing, 
bioinformatic analyses, and phenotypic analyses to find the connection between heavy 
metal resistance and antibiotic resistance.  It was discovered that in the presence of heavy 
metals bacteria, in an attempt to survive in this type of environment, will also become 
resistant to various antibiotics through the genetic processes of co-resistance, co-
regulation, and co-selection (3). 
 
 
 6 
Antibiotics 
 The term antibiotic referred to ―a substance produced by microorganisms that 
inhibits or kills other microorganisms‖ (15).  Today, it is widely used and accepted to 
include synthetic substances that inhibit or kill microorganisms, specifically bacteria.  
The first application of an antibiotic was the use of Salvarsan in the treatment of syphilis 
in 1910 (15).  The use of antibiotics continued in the 1930’s with sulphonamides and in 
1941 with the first use of penicillin as a treatment for bacterial infection.  By 1940 
antibiotics such as tetracycline were beginning to be sold over the counter as a growth 
promoter in chickens.  By the early 1950s antibiotic resistance was already being viewed 
as a problem in the medical field and agriculture (15).  With the unregulated distribution 
and wide use of antibiotics, resistance was an inevitable outcome.  Three antibiotics were 
used in this study: ciprofloxacin, tetracycline, and virginiamycin.  
  
Ciprofloxacin 
 Ciprofloxacin is a type of quinolone antibiotic (Fig. 1).  Quinolones are widely 
used and comprise a large class of antibiotics (2).  Quinolones bind to bacterial DNA 
gyrase affecting transcription and also target topoisomerase IV in such bacteria as E. coli 
(17). It has been used to treat infections in  clinical setting since 1986 (24).  Its uses 
include treatment of urinary, respiratory, gastro-intestinal, and surgical infections (4).  
Not only has it been used to treat Gram-negative diseases such as cystic fibrosis caused 
by Pseudomonas aeruginosa, but it is also affective against Gram-positive bacteria (4, 
16).   
The two year national study of emerging contaminants in 139 US streams by the 
USGS in 1999 – 2000 noted a 2.4% frequency of ciprofloxacin in the surface water 
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samples.  It is important to note that the antibiotic does not have to be present for there to 
be ARB (20).  The bacteria would retain its resistance after the antibiotic is gone or could 
acquire resistance through genetic transfer.  Also, the bacteria could acquire resistance 
through a co-regulated or cross-regulated mechanism such as in metal resistance or in the 
presence of chemically similar structures such as in animal husbandry hormones. 
 
Tetracycline 
 Tetracycline (Fig. 2) has been used since the 1950’s.  Tetracycline binds to the 
30S ribosomal subunit of bacteria which interrupts protein synthesis (36).  Tetracycline is 
used to treat a broad range of bacterial infections and diseases such as chlamydial 
infections, rickettsial infections, Lyme disease, and periodontal disease. It is also used to 
treat acne and to fight protozoal parasites.  Tetracycline is also used as a growth promoter 
in all types of livestock and in fisheries.  Due to its widespread use many bacteria have 
developed tetracycline resistance (36).  Some of the more prominent resistance 
mechanisms that have been described include efflux pumps, a protein for ribosome 
protection, efflux transporters multidrug-resistance pumps, and tetracycline-specific 
exporters (28).  A study on tetracycline resistant bacteria found swine farm lagoons to 
affect resistant gene dispersal, but also found tetracycline resistant genes that could not be 
explained by the lagoons, which meant the resistant gene pools had a different source 
(19).  Tetracycline was also an antibiotic of interest in the USGS study with a 1.2% 
frequency in tested streams (20). 
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Virginiamycin 
 Virginiamycin (Fig. 3) is used for bacterial infection prevention and bacterial 
disease control in live stock.  Virginiamycin binds to bacterial ribosomes, halting the 
process of translation (18).  It is also used for growth promotion in livestock (35). It is 
added directly to feed, in which case there are two routes for environmental 
contamination: either through the livestock or directly into the environment when rain 
washes the antibiotic out of the feed.  As there are cattle and horse farms along the Mud 
River Virginiamycin is a logical choice of study.  Virginiamycin was the last picked from 
the list of USGS antibiotics studied in streams with a 0% frequency (20).  Again, the 
antibiotic does not have to be present for the ARB to be present.  
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Chapter 2 
 
Materials and Methods 
 
Site Description 
 The Mud River (Fig. 4) is a sixth order river and part of the Ohio River drainage 
basin.  It is a major tributary of the Guyandotte River in western West Virginia near the 
tri-state borders of West Virginia, Ohio, and Kentucky.  The Mud River is over 80 miles 
long, and passes through three counties of West Virginia; Boone, Lincoln, and Cabell.  
The area used in this study was the lower 45 miles.  There is currently active mountain 
top removal coal mining at its headwaters, and according to the EPA, as of 2000 there 
were 26 valley fills from the mountain top removal (12).  The lower 45 miles of the Mud 
River has 67 streams flowing into it: fifty seven 1st and 2nd order, four 3rd order, four 4th 
order, and two 5th order (Fig. 5).  The Mud River runs through three major townships, 
Hamlin, Milton, and Barboursville, by two sewage settling tank installations and one 
shopping mall complex with outlying businesses.  The final fifteen river miles meander 
under Interstate Highway 64 four times between Milton, WV and Barboursville, WV 
before flowing into the Guyandotte River 10 river miles from the latter’s confluence with 
the Ohio River.  The Mud River is the last major tributary of the Guyandotte River before 
it enters the Ohio River.  The Mud River drainage basin is dominated by deciduous 
forest, pasture/hay/livestock, low intensity residential, and row crops.   
 The Mud River is known as a ―flashy‖ system.  Virtually any precipitation or 
snow melt in the watershed will cause the depth, flow, and turbidity to increase.  Due to 
the close vicinity of the interstate, highway, housing, business, and parking lots there are 
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many impermeable surfaces causing direct runoff into the river.  The pastures, hay fields, 
crop fields, and livestock farms can also be important sources of bacterial loading.  The 
conditions that impact bacterial loading of the Mud River also make it an important 
source of bacterial loading for the Ohio River.  The diverse land use in the Mud River 
watershed provides an opportunity for comparison of factors that influence the 
distribution of ARB. 
 Twelve sites were selected in the lower 45 river miles (Fig. 4).  The sites were 
selected by difference in land use (Fig. 6) and accessibility.  Initial investigations found 
the river to be non-navigable, so sites were picked from those accessible by road.  This 
was done using a road map to mark areas of interest and then to drive and walk to sites, 
visually look at land use characteristics and access to sites, record the observations, and 
record the latitude and longitude coordinates under UTM 83 North American Data Set 17 
using a GPS hand held unit (Appendix D).  River miles were assigned to each site.  Miles 
were assigned by starting at 0 where the Mud River flows into the Guyandotte River and 
working backward up the river from site 12 to site 1 (Appendix D). 
 
Watershed Land Use Analysis 
 The GPS sample site coordinates were added to a 2001 National Land Cover Data 
Set (NLCDS) (West Virginia GIS Technical Center, wvgis.wvu.edu) and the surrounding 
watershed land use analyzed using ARCMap 9.1® (Fig. 4).  Watershed land use at each 
site was calculated by cutting a square zone from the NLCD at each of the sites.  The 
zone was 400 meters on either side of each site and 800 meters up stream from each site, 
making each zone 800 meters by 800 meters.  This distance was selected to minimize 
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overlap as the two closest sites were 800 meters apart and 400 meters either side of the 
river at a sample site so the immediate watershed was included but not over extended 
(Fig. 7-13).  The number of 30 m2 plots of three prominent land uses, urban, pasture/hay, 
and row crops, was calculated for each 800 m2 buffer zone (Appendix E) for comparison 
between sites and later analysis with antibiotic resistant bacterial counts as well as the 
land use percentages of the three key land uses within the 800 m2 zones.  The observed 
land use closely corresponded with the 2001 data set with minor differences such as 
pasture, hay, or row crop fields in use during 2007. 
 
Water Sample Collection 
 In 2007, mid-stream, subsurface samples were collected at each of twelve sites on 
the Mud River using five different sterile IDEXX Laboratories collection bottles pre-
marked for 100 ml.  Sediment samples were also collected in sterile IDEXX Laboratories 
collection bottles at each site on each sampling date.  Samples were taken approximately 
every four weeks to include two samples in spring (April 27, 2007 and May 31, 2007), 
two samples in summer (June 5, 2007 and July 2, 2007), and two samples in fall 
(September 9, 2007 and October 20, 2007).  This sampling schedule gave a temporal 
comparison of antibiotic resistant bacteria distribution over three seasons.  The sampling 
dates were selected to give approximately four weeks between samplings, but some were 
postponed to allow sampling after precipitation events. Ideally, we wanted to have one 
―wet‖ and one ―dry‖ sample per season.  Due to low precipitation in 2007 there was only 
one set of samples obtained, after the entire river crested, after a rain event. 
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Water samples were placed on ice after collection and processed for bacteria 
enumeration within six hours of being collected.  Other data collected during each 
sampling, except where it was unsafe to do so, were flow rate, depth, and temperature.  
The flow rate of the stream was measured using a Marsh McBirney Flow-Mate 2000 
Portable Flow Meter starting on one side of the river and measuring flow every five to ten 
feet depending on the span of the river at the site and depth allowing crossing to the other 
side of the river.  In instances of high flow, depth, and turbidity, flow was measured from 
the edge and one measurement from as far out into the stream as was safely possible.  
Temperature was measured during the first two samplings with the Hach® Hydrolab 
Quanta and during the rest of the samplings with a digital thermometer.  During the first 
two sampling dates in the spring, velocity, pH, dissolved oxygen, salinity, and 
conductivity were obtained using the Hach® Hydrolab Quanta.  Due to equipment failure 
the hydrolab was unable to be calibrated (Appendix M) and was not used during the 
summer and fall samplings.  The results of these data are recorded in Appendix G. 
  
Enumeration of Total Cultivable and Antibiotic Resistant Bacteria 
 For the enumeration of total cultivable bacteria, 100 µl from one of the five 
sample bottles was added to a 9.9 ml dilution blank.  A 100 µl of the dilution was plated 
in triplicate on R2A agar plus fungizone (375 µg/ml; R2Af), resulting in a dilution factor 
of 103.  For the enumeration of antibiotic resistant bacteria (ARB), 100 µl of undiluted 
river water was plated in triplicate onto R2Af agar plus ciprofloxacin (4.7 µg/ml), 
tetracycline hydrochloride (12.5 µg/ml), or virginiamycin (16 µg/ml), resulting in a 
dilution factor of 10 for antibiotic containing plates.  This was repeated for each of the 
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twelve sites.  The standard protocols for the preparation for antibiotics and R2A plates 
are included in Appendix A. 
 After R2A plates were inoculated, five sterilized glass beads (5 mm) were added 
to each plate, and lids were replaced. Triplicate plates were stacked and then shaken back 
and forth, turned and shaken back and forth again so as not to have the beads swirl 
around the edge of the plates.  After 30 seconds to 1 minute the beads were poured out, 
the plates were wrapped in paraffin to keep them from drying out, and placed in an 
incubator at 25oC for one week.  After one week the number of colony forming units 
(CFU) on each plate was counted. Plate counts were multiplied by the dilution factor to 
determine the number of colony forming units (CFU) per ml in the original sample.  The 
results of this data are recorded in Appendix H. 
 
Enumeration of Total Coliforms and E. coli  
 The Colilert® Quanti Tray®/2000 (IDEXX Laboratories, Westbrook, ME) method 
was used for the enumeration of total coliforms and Escherichia coli.  Water samples 
collected in IDEXX Laboratories pre-sterilized sample bottles were adjusted to 100 ml by 
pouring off excess water.  One pre-measured pack of Colilert® reagent was added to each 
of the water samples in the collection bottles.  To each of three of the water samples, one 
antibiotic (ciprofloxacin at a final concentration of 4.7 µg/ml, tetracycline hydrochloride 
at a final concentration of 12.5 µg/ml, or virginiamycin at a final concentration of 16 
µg/ml) was aseptically added to select for antibiotic resistant coliforms and E. coli (10).  
The lids were replaced on the bottles, and the bottles were shaken until the Colilert® 
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reagent was completely dissolved.  The samples were then transferred to a 97 well Quanti 
Tray®, heat sealed and incubated at 35°C for 24 hours.   
 After incubation positive wells were counted and compared to an IDEXX 
Colilert® Quanti Tray®/2000 Most Probable Number (MPN) Table (Appendix B) to 
calculate the MPN/100 ml of coliforms and E. coli.  A yellow color indicates that the 
lactose analog 2-Nitrophenyl-ß-Dgalactopyranoside (ONPG) has undergone hydrolysis 
and is counted as a positive well for coliform enumeration.  Fluorescence under UV 
illumination indicates hydrolysis of the glucuronic acid analog 4-Methylumbelliferyl-ß-
D-glucuronide (MUG) and is counted as a positive well for E. coli enumeration.  Total 
coliforms, E. coli, antibiotic resistant coliforms and antibiotic resistant E. coli (AREc) 
were enumerated in the same way.  These data are recorded in Appendix I. 
  
Heavy Metal Analysis 
 Preliminary experiments using a scanning electron microscope (SEM) to search 
for the presence of heavy metals in sediment samples yielded inconclusive results.  
Further research revealed the need to look for heavy metals at the parts per billion (ppb) 
level which requires the use of an atomic absorption spectrometer (AAS) (23).  Due to 
the cost of the analysis, only ten sediment samples were selected for analysis.  
Comparison for different land uses, impermeable surfaces, tributary effect, and wet and 
dry conditions were considerations for selection of samples.  The methods for preparing 
samples for AAS analysis are given in Appendix C.  The samples were analyzed by the 
AAS for three metals (Cd, Se, and Pb) due to their previous association with antibiotic 
resistance.  The data are recorded in Appendix J.  During processing of the sediments 
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(Appendix C) which involves dissolving dried, crushed samples under heat in HF, HNO3 
and HCl, some particles were not completely dissolved.  These were filtered with ashless 
filter paper, burnt in a crucible and weighed.  The weights were not of concern with 
conversion of samples to ppb, but four of the samples were examined using the SEM for 
content (Fig. 14-18).   
 
Data analysis 
 ARB counts were graphed by sample site for each sampling date.  They were 
compared with each other and with flow and temperature graphs for analysis of 
correlations.  The averages of seasonal bacterial counts were graphed and a t test was 
used to determine the significance of seasonal trends.  Regression analysis was used to 
determine the correlation between ARB numbers and temperature at individual sites.  
Key land use area totals, hydro lab readings, and bacterial numbers for each site were 
compared for similarity or dissimilarity to each other to detect any relevant effect of 
environmental conditions on bacterial counts.  This was done with the statistical 
analytical program Canoco 4.5.  Metal analysis results were compared to EPA water 
quality standards for drinking water.  The results were also compared graphically to 
bacterial counts to look for trends, temporal trends, and rain versus no rain trends. 
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Chapter 3 
 
Results 
 
Antibiotic Resistant Counts 
 Fig. 19 to 24 show ARB and E. coli counts.  Samples collected on 27 April 2007 
were taken after the river crested following a rain event that increased river flow rate, and 
depth.  There were relatively high numbers of ciprofloxacin resistant bacteria (Cip-R), 
tetracycline resistant bacteria (Tet-R), and virginiamycin resistant bacteria (Vir-R) at site 
4/river mile 41.53 and a high number of Tet-R, and Vir-R at site 5/river mile 40.96.  
There was an overall high number of Vir-R across all sites compared to the other two 
antibiotics as can be seen in Fig. 19. 
Samples on 31 May 2007 were collected after a prolonged dry period.  There was 
a comparatively high number of Cip-R at site 6/river mile 32.19 as can be seen in Fig. 20.  
On 5 July 2007 there was a rain event that occurred on one of the large fifth order 
tributaries of the Mud River between sites 6/river mile 32.19 and 7/river mile 26.01.  This 
caused a comparative increase in ARB in all the sites down stream from this tributary as 
can be seen in Fig. 21.  On 2 August 2007 there was no rain event, therefore no increased 
flow, but sites 3/river mile 42.6 to 12/river mile 0.31 had increased turbidity, the water 
was notably muddy.  Fig. 22 shows a correspondingly high level of Cip-R compared to 
the other two antibiotics.  On 7 September 2007 there was no rain event and the river was 
lower than in all previous samplings.  There were higher average counts of ARB than in 
previous samplings as Fig. 23 shows.  Water level remained low on 20 October 2007 and 
flow rate decreased as well.  There were high levels of Vir-R starting at site 7/river mile 
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26.01 and then decreasing at subsequently sites except for site 11/river mile 3.01.  This 
pattern can be seen in Fig. 24.  There is an overall pattern consistent on all dates, of an 
increase in ARB counts at sites 11/river mile 3.01 and 12/river mile 0.31.  During every 
sampling date E. coli counts were at least two orders of magnitude lower than ARB 
counts.  AREc were consistently at least three orders of magnitude lower than ARB 
counts at each site during each sampling period (Fig. 25-30). 
 
Environmental data: Temperature 
 The average water temperature in the spring increased from 17.3oC on 27 April 
2007 to 22.8oC on 31 May 2007.  Due to equipment failure no temperature was recorded 
on 5 July 2007.  In the summer, the average water temperature continued to increase to 
25.6oC on 2 August 2007.  Starting in the fall the average water temperature started to 
decrease to 22.7oC on 7 September 2007 and continued to decrease to 16.7oC by the 20 
October 2007 date.   
 
Environmental data: Precipitation 
 The precipitation data for a weather station in Hamlin, WV was purchased from 
weatherwearhouse.com (Appendix K).  These data show that the most rain on average 
fell before the first sampling period (Fig. 31).  The second average was on the first 
summer sampling in which there was a tributary influence that caused increase flow rate 
and depth to the river between samples sites 7/river mile 26.01 and 12/river mile 0.31. 
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Environmental data: Flow Rate 
 The average flow rate for each sampling date is consistent with rain events during 
or preceding the sample dates.  The first spring samples were collected on 27 April 2007.  
This was the only sampling that was collected during a rain event.  Consequently flow 
rate was increased during this sampling by an order of magnitude higher than any other 
sample, all of which were collected during days were there was no rain event spanning 
the lower Mud River on or immediately before the sampling date (Fig. 32). 
 
Environmental data: Hydro Lab Data  
 As the hydro lab was only used during the spring samplings (27 April 2007 wet 
weather sampling and 31 May 2007 dry weather sampling) due to equipment failure, only 
one comparison of wet weather versus dry weather can be made with the data collected 
and no seasonal comparisons can be made.   
 Specific conductivity was one and one half to two times lower when there was a 
rain event (average= 0.186 ms/cm) than when there was not a rain event (average= 0.38 
ms/cm).  Dissolved oxygen and percent dissolved oxygen was higher during a rain event 
(average= 71.7%) than no rain event (average= 66.45%).  The pH of the river was 
slightly more acidic during wet weather.  The average pH was 6.64 after a rain event and 
the average pH was 6.93 when no rain event had occurred immediately prior to sampling.  
Salinity for a rain event was consistent between sites, either 0.08 or 0.09 pss (Practical 
Salinity Scale – unit-less conductivity ratio of a water sample to a standard KCl solution).  
The salinity during dry weather was lower, remaining at 0 for the first six sites but then 
raising to 0.17 pss from site seven on.  There is a large 5th order tributary between sites 6 
and 7 and inputs from this tributary could contribute to the increased salinity at these sites 
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compared to upstream sites.  Depending on site, the turbidity fluctuated between rain 
versus no rain with notable differences at sites 2, 4, 5, 6, and 9 (Fig. 33).  These sites are 
downstream of Hamlin, a cattle field, a horse field, a rural/forested area, and Milton 
respectively.  
 
Metal Analysis 
 Initial surveys of sediments under a scanning electron microscope revealed 
normal elemental deposits that are usually found in clay such as in the bed of a river.  
This plus previous research suggested that an examination of metals at the parts per 
billion level should be studied (3).  Using an atomic absorption spectrometer high levels 
of Cd were found at all sites tested with the highest levels found at site 11/river mile 3.01 
(Fig. 34).  This site is near a large shopping mall. The large paved parking lot and steep 
grade between the parking lot and river allow for direct storm water runoff into the river.  
The Cd levels at sites 4/river mile 41.53 and 11/river mile 3.01 did not change much 
between wet weather (Apr.) and dry weather (Sep.) conditions.  Sites near more urban 
areas consistently had high levels of Cd.  Site 6/river mile 32.19, a rural/forested area, 
had a high level of Cd unlike the other rural site, number 4/river mile 41.53.   
 Se concentrations were highest at sites 2 and 4 in Apr. during wet weather (Fig. 
35).  Site 4/river mile 41.53 decreased in Sep. during dry weather, but site 11/river mile 
3.01 increased during the same period.  There does not appear to be a rain/no rain 
correlation with Se concentrations.  The lowest level of Se found was at site 6/river mile 
32.19, which was predominantly rural/forested.  Se was relatively similar in high 
concentration at the rest of the sites.   
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 For Pb, there was not any correlation that could be drawn from the data between 
wet and dry weather.  The highest Pb concentrations were at sites 1/river mile 45.07 
(upstream of Hamlin at a bridge leading to a local high school; low residential), 6/river 
mile 32.19 (forested area, few houses), and 8/river mile 19.52 (at the start of Milton 
beside settling tanks of a water treatment facility, low residential) (Fig. 36).   
 SEM analysis of undissolved portions of four sediments collected at sites 2/rver 
mile 43.52, 9/river mile 17.83, 11/river mile 3.01, and 12/river mile 0.31 showed Zr, Hf, 
Fe, Ni, Si, Ti, and other elements (Fig. 14-18). 
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Chapter 4 
 
Discussion 
 
Seasonal Data 
 There was an increase in the averages of all three ARB counts from spring to 
summer.  From summer to fall Cip-R and Tet-R counts leveled off, but Vir-R increased 
(Fig. 37).  Using the Bonferroni correction factor for 9 T tests (statistical significance P 
values are less than to 0.0056), the T tests revealed that P values showed statistical 
significance for spring to fall Cip-R and  Vir- R counts.  Of the average percentage of 
total cultivable bacteria in the spring, Cip-R (0.19%), Tet-R (0.14%), and Vir-R (0.28%) 
were approximately two orders of magnitude or more higher than E. coli (0.002%).  This 
was the same for summer, Cip-R (0.75%), Tet-R (0.34%), Vir-R (0.58%), E. coli 
(0.002%), and fall, Cip-R (0.74%), Tet-R (0.33%), and Vir-R (0.33%), E. coli (0.001%).  
Also, ARB counts were approximately three orders of magnitude higher than AREc for 
all three antibiotics and all three seasons (Appendix H+I). 
 The seasonal data supports a pooling or concentration affect with the maintaining 
of Cip-R and Tet-R into the summer and fall even though there are no rain events on 
these sampling dates and little average rain during these seasons.  There is even an 
increase in Vir-R in the fall showing prolonged life of these Vir-R in the river 
environment (Fig. 24).   
 Fig. 38 shows an interesting coloration between the water temperatures at each 
site during the first sampling date in spring and the last sampling date in the fall as well 
as the second sampling date in the spring and the first sampling date in the fall. This 
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shows a full and evenly distributed temperature cycling range from this first sampling in 
spring to the last sampling in fall.   
 Fig. 39 through 47 show comparisons through linear regression of TCB and ARB 
with water temperature through the three collection seasons.  Through the spring season, 
increases in TCB (total cultivable bacteria) and Vir-R counts were correlated with a 
decrease in water temperature with P values of statistical significance (< 0.05).  This is 
due to the high counts during the first spring sampling during wet weather conditions.  
The temperature was colder during the first spring sampling because it was earlier in the 
year than the second spring sampling which was during dry weather conditions and 
counts were subsequently lower.  During summer samplings only the second, 2 August 
2007, sampling period of temperatures was recorded due to equipment failure.  Increases 
in TCB counts were associated to a decrease in water temperature, and increases in Tet-R 
counts with an increase in water temperature were of statistical significance.  There was 
only a slight increase in Tet-R overall when compared to the other increases in 
comparison to temperature. 
 Fall samplings displayed increases in Tet-R and TCB counts with increases in 
water temperature with P values < 0.05.  These correlations of increased counts during 
increases in temperatures are associated more with the first fall sampling as the second 
fall sampling is during the last part of October right before the winter season when 
bacterial counts will continue to drop (10). 
 When all three seasons were compared together through linear regression (Fig. 48 
- 50) comparisons were made between Vir-R counts and water temperature that were of 
statistical significance.  Like in spring, increases in overall Vir-R counts were associated 
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with a decrease in water temperature.  Vir-R counts seem to peak around 17oC.  The high 
Vir-R counts during the last fall sampling which was during the driest weather conditions 
of the sampling dates indicates a possible prolonged life and reproduction  in the 
environment causing a pooling effect.   
 
Precipitation 
 Precipitation has an effect on bacterial counts.  During this study’s time span, 27 
April 2007 to 20 October 2007 there was little precipitation (Fig. 32).  Precipitation will 
increase the flow and turbidity of a river system.  The flows of the three seasons were 
compared with the bacterial counts in linear regression analysis to determine their 
statistical significance (Fig. 51 - 59). 
 For spring samplings, TCB was associated with increased flow with a P value < 
0.05.  This is due to the higher precipitation in the month prior and during the first spring 
sampling compared to the other seasons.  The Ec Vir-R P value was the only statistically 
significant number during the summer sampling, and an increase in bacterial counts was 
correlated to increased flow.  In fall samples, there were no linear regressions of 
statistical significance.  The correlation for the summer season is an association during a 
time of low precipitation for each of the summer samples.  The spring samples, one 
during a time of precipitation and one during a time of low precipitation, show a closer 
association with increased flow and bacterial counts. 
 When counts of all three seasons were graphed using linear regression (Fig. 60 - 
62) the only count that was correlated with flow that was of statistical significance was 
TCB.  Like in spring, overall, increased TCB counts were associated with increases in 
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flow.  This supports that wet weather conditions increase the bacterial load into a river 
system from the surrounding water shed.   
 Turbidity was compared between the spring samplings, 27 April 2007 and 31 
May 2007, using a linear regression (Fig. 63 – 68).  There were no correlations of 
statistical significance for the turbidity linear regression.   
 
Metal Analysis 
 Site 11/river mile 3.01 is near a shopping mall complex with a large parking lot.  
This large paved area is located on a steep grade above the Mud river which hugs the 
parking lot (pink on the map, noted as transitional)(Fig. 13).  Site 11/river mile 3.01  was 
associated with large amounts of Cd (Fig. 34).  Site 4 also had a smaller amount of Cd 
contamination. Both were tested on 27 April 2007 and 7 September 2007.  Both 
concentrations were only slightly higher the second time.  The SEM analysis showed the 
presence of Hf, Zr, Fe, and Ni.  These are all associated with batteries and Fe/Ni with 
types of steel.  These results show a correlation in ARB and the individual watershed land 
use of this site as well.  The contaminants on the surface of this large paved area are 
associated with higher ARB counts at this site.  
 AAS analysis shows high numbers of Cd and Pb at site 6/river mile 32.19.  High 
levels Pb also notable for other sites of lower ARB counts as well.  Also, there is a no 
apparent pattern of increase or decrease in metals between sediment samples during wet 
and dry weather when sites 4/river mile 41.53 and 11/river mile 3.01 are compared during 
two different sampling dates for Pb and Se (Fig. 35 and 36).  This plus the high metal 
levels show that these metals are the result of direct contamination to the river from some 
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man made source.  Cd shows a concentrating effect as the levels rise only slightly for 
sites 4/river mile 41.53  and 11/river mile 3.01  in the later season indicating that the few 
rain events between those times has deposited very small amounts. 
 There are  high levels of metals, especially the highest level of Pb at site 8/river 
mile 19.52 on 5 July 2007 this is a site at Milton that is after a tributary that increased the 
flow from sites 7/river mile 26.01 through 12/river mile 0.31 on that sampling date. 
 
27 April 2007 ARB counts and watershed land use 
 On 27 April 2007 there was an increase in all three ARB counts when compared 
to the other spring sampling on 31 May 2007.  Since the 27 April 2007 sampling was 
during wet weather, and for a month prier to this sample this area received the most 
average rain compared to the other samplings (Fig. 31), this indicates that runoff 
increases bacterial loading.  The major increases started at site 4 in all ARB and 
continued with Tet-R and Cip-R into site 5/river mile 40.96.  Site 4/river mile 41.53 is at 
the end of a horse field, and site 5/river mile 40.96 is at the end of a cattle field.  This 
does not show causality, but does suggest that there is a correlation between this 
watershed land use not shared by other sites and bacterial counts.  Counts begin to taper 
off at subsequent sites, but increase in all ARB starting at site 11/river mile 3.01, a 
shopping mall complex with a large parking lot, and continuing to site 12/river mile 0.31,  
within the town limits of Barboursville after a state road complex beside a bank parking 
lot near a bridge.   
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31 May 2007 ARB counts and watershed land use 
 During this sampling there is no rain event and no average rain the month prior to 
sampling compared to 27 April 2007 (Fig. 31).  ARB counts were far lower during this 
sampling, which contributes to watershed affecting the bacterial load during a rain event.  
Site 6/river mile 32.19, forested with a few houses, has a notable increase in Cip-R (Fig. 
20).  With no rain, this increase has to be associated with some type direct contaminate 
input into the river system near the site.   
   
5 July 2007 ARB counts and watershed land use 
 There is a common occurrence that happened on 5 July 2007 which demonstrates 
the importance of tributaries to a river system.  There was no rain on the main river the 
time of sampling, but there was on one of the major tributaries, 4th order stream, causing 
an increase in flow and depth from site 7/river mile 26.01, forested with a few houses, 
after the tributary through site 12/river mile 0.31.  This tributary rain event caused ARB 
counts to increase for these sites as well (Fig. 17).  This further shows that the rain 
increases bacterial load and the effect of the watershed on bacterial distribution. 
 There is also a notable pattern in the ARB counts at each site.  The pattern of a 
decrease from site 8/river mile 19.52 at Milton, to 9/ river mile 17.83 after Milton, then 
an increase starting at site 10/river mile 8.87 at an interstate bridge, to site 11/river mile 
3.01 beside the shopping mall complex, then to site 12/river mile 0.31 is present on the 
first three sampling dates (Fig. 15 - 17).  This sows that once introduced; there is a 
pooling or concentration effect at individual sites.  This shows a favorable environment at 
different sites possible due to characteristics of flow, watershed contamination, or other 
environmental factors. 
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2 August 2007 ARB and watershed land use 
 On 2 August 2007 the river from site 3/river mile 42.6, low residential with row 
crops, through site 12/river mile 0.31 is muddy but there was no increased flow or depth 
associated with a rain event.  The average precipitation before the month before sampling 
had returned to 0 again (Fig. 31).  There is an increase in Cip-R from site 3/river mile 
42.6 to 12/river mile 0.31 as well (Fig. 18).  The muddied water and absence of rain show 
that there is a major disturbance in the river system between sites 2/river mile 43.57 after 
Hamlin and 3/river mile 42.6, or on a tributary between sites 2/river mile 43.57 and 
3/river mile 42.6.  This means that this rise in Cip-R is clearly associated with direct 
inputs of contamination into the river system.  These findings correlate with the findings 
at site 6/river mile 32.19 on 31 May 2007.   Once again the previous pattern of decrease 
from site 6/river mile 32.19 to 9/river mile 17.83 then an increase from 10/river mile 8.87 
to 12/river mile 0.31 can be seen showing the pooling effect, or increase in number 
through reproduction and possible prolonged life in this environment, at a site during dry 
weather. 
 
7 September 2007 and 20 October 2007 ARB and watershed land use 
 The pattern of ARB distribution is similar in peaks of resistance of Cip-R at site 
four, Vir-R at site 11/river mile 3.01, and increases and decreases of ARB at individual 
sites.  The pooling effect previously mentioned is however causing an increase in ARB at 
individual sites (Fig. 19). This pattern is further altered on 20 October 2007 with 
increases in ARB at site 1/river mile 45.07 before Hamlin and decreasing to site 6/river 
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mile 32.19 with peaks at sites 7/river mile 26.01, 8/river mile 19.52, and 11/river mile 
3.01 in Vir-R (Fig. 20). 
 The peak sites of recurring pattern have notable land use measurements.  Fig. 69 
shows that at site 8/river mile 19.52 where there are consistently high counts of all three 
ARB there is the most dynamic land uses of the three studied.  The consistent increases 
of ARB at sites 11/river mile 3.01 and 12/river mile 0.31 are also associated with urban/ 
paved areas (Fig. 69).   
 
Canoco 4.5 Seasonal Analysis 
 In Canoco 4.5 analysis ARB counts are more centered around late summer and 
fall months than spring (Fig. 70).  October is especially an outlier when compared with 
other sampling dates meaning its ARB counts are being differently affected (Fig. 71).  
This may be due to low flow and temperature patterns. 
 
Canoco 4.5 Temperature Analysis 
 Bacteria respond to temperature (29).  Canoco 4.5 analysis of 27 April 2007 and 
31 May 2007 environmental data shows the affinity of all bacterial numbers for low 
temperatures (Fig. 72 and 73).   
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Canoco 4.5 Metal Analysis 
 Of the three metals tested Cip-R is more correlated with Pb than Se or Cd, and 
Tet-R and Vir-R are more correlated with Cd than Se or Pb (Fig. 74).  Site 4 on Apr.27 
and site 12/river mile 0.31 on Sep.7 had high concentrations of Se. Site 11/river mile 3.01 
had high concentrations of Cd.  Sites 1/river mile 45.07, 6/river mile 32.19, and 8/river 
mile 19.52 all had high levels of Pb (Fig. 75). 
  
Canoco 4.5 Land Use/ Water Quality Analysis 
 Linear regression of the percents of the three key land uses within the 800 m2 
buffer at each site with bacterial counts collected on 27 April 2007, the only sampling 
date during wet conditions, revealed no association of statistical significance (Fig.  76 - 
84).  Canoco 4.5 analysis of land use and water quality data indicate that all bacteria 
counts on 27 April 2007 correspond with low temperatures.  Ciprofloxacin resistant 
bacteria (Cip-R) in particular correlates with low % dissolved oxygen (%DO), low flow 
rate, high specific conductivity, and pasture watershed land use (Fig. 72).  All but sites 
3/river mile 42.6, 6/river mile 32.19, 4/river mile 41.53, and 5/river mile 40.96 were 
associated with some level of urban land use.  Sites 4/river mile 41.53 and 5/river mile 
40.96 were the biggest outliers.  Site 5/river mile 40.96 appears to be not directly affected 
by any single environmental vectors as it is neither in front or opposite of any one 
environmental vector arrow (Fig. 85).  Site 4 is most correlated with low %DO, low flow, 
high specific conductivity, and pasture watershed land use (Fig. 85).  
 Canoco 4.5 analysis also shows there are inputs to the river during a rain event at 
site 4/river mile 41.53 associated with salinity which may contribute to the association of 
ARB counts at this horse field (Fig. 85).  Canoco 4.5 analysis further supports the 
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association of these individual watershed land use characteristics with the outliers 4/river 
mile 41.53 (associated with pasture and high salinity) and 5/river mile 40.96, and with 
sites 11/river mile 3.01 and 12/river mile 0.31 association with urban land use (Fig. 85).  
Also, fig. 40 shows that for 27 April 2007 the Cip-R is associated with high conductivity.  
A different pattern emerges in Canoco4.5 during the no rain event collection on 31 May 
2007 (Fig. 73). 
 Canoco 4.5 analysis on 31 May 2007 shows most of the bacterial counts were 
correlated with low temperature and high flow (Fig. 73).  The outlier here is Cip-R which 
correlates to low %DO, and slightly high turbidity and pH (Fig. 73).  With no rain event, 
the sample sites disperse on the 31 May 2007 Canoco4.5 graph (Fig. 86).  Sites 5/river 
mile 40.96, 7/river mile 26.01, and 9/river mile 17.83 correspond to low salinity; 10/river 
mile 8.87, 11/river mile 3.01, and 12/river mile 0.31 most closely with high flow rate and 
low temperature; 2/river mile 43.57 and 4/river mile 41.53 with conductivity; 6/river mile 
32.19 with low %DO and high turbidity; and 1/river mile 45.07 and 8/river mile 19.52 
most closely with high salinity and low flow as on site observations reviled unused or 
altered row crop fields.  This would correlate to a disturbance or some type of direct input 
of contaminants into the river system at this site affecting the spike in Cip-R seen on this 
sampling date (Fig. 20).   
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Chapter 5 
 
Conclusions 
 
 In this study the correlations of ARB vs. seasonal water temperatures, land use, 
metals, and precipitation in the form of flow rate were analyzed.  There is an overall 
pattern concerning ARB, E. coli, and AREc.  ARB counts are always approximately two 
orders of magnitude higher than E. coli counts, which agrees with previous studies (33). 
This large difference in bacterial counts supports the previous findings that ARB are not a 
subset of E. coli.  If antibiotic resistance had been selected for in the gut and introduced 
into the environment through fecal contamination then the ARB should form a subset of 
gut derived flora such as E. coli.  This is clearly not the primary distribution mechanism.  
 ARB counts were approximately three orders of magnitude higher than AREc 
counts which agrees with an earlier study on the Mud River (10).  This also supports the 
findings that ARB are not a subset of E. coli.  If the primary distribution mechanism is 
through the gut flora rout then the resistance can only be past on through AREc.  ARB is 
also clearly not a subset of AREc.  This bigger difference in ARB and AREc counts 
suggest that some dispersal mechanism other than fecal contamination must account for 
the distribution of ARB in the Mud River. 
 The distribution of ARB are not a subset of E. coli or AREc, therefore the 
influential sources of antibiotic resistance are occurring through a different rout other 
than the human intake of antibiotics.   There are inputs of bacteria into a river system 
through the watershed, as shown by increasing ARB counts during a wet weather.  This 
can be seen in ARB counts for 27 April 2007 when compared to the other spring 
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sampling and on 5 July 2007 with the rain event on the tributary increasing the ARB 
downstream.  The evidence shows a correlation of ARB to areas of livestock in the 
watershed.  There is also evidence of correlations of ARB to urban areas which consist of 
larger paved areas where there can be no ground saturation.  In this instance all 
contaminates on these surfaces are being directly washed into the river system during wet 
weather.   
 There is also evidence that direct inputs of contaminates can cause increases of 
ARB distributions in the case of the river disturbance on 2 August 2007.  Other 
contaminates such as metals like Pb, Cd, and Se have an effect on ARB distribution 
either indirectly as was seen with site 6/river mile 32.19 Cip-R counts on 31 May 2007 
and Pb as there is another factor since there was raised levels of Pb at another site on the 
same day, or directly in association with other factors such as the case with the 
cumulative affect of Cd at site eleven with the associated watershed land use of the 
shopping mall parking lot.   
 The best demonstration that turbidity increases ARB counts is with site 6/river 
mile 32.19 on 31 May 2007 as this site has an increased turbidity higher than the other 
sites on this day with an increase in Cip-R (Fig. 32 and 41).  Bacterial counts overall are 
associated with lower temperatures in the spring and with increases in temperature during 
the first part of the fall.  Conductivity is correlated with Cip-R possibly indirectly dealing 
with the increased turbidity (Fig. 41).  Low %DO is also correlated with ARB especially 
Cip-R (Fig. 39 and 41).    
 This and other studies are important for identifying influencing factors of ARB 
distribution.  These dynamic interactions will become the source of our understanding to 
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effect change if, as we believe, the reservoir of ARB in surface waters represents a 
human health risk.  The involvement of many different disciplines is need for further 
studies.   The associations between ARB and pasture land should be evaluated for further 
analysis of sources of antibiotic resistance.  Water samples from feed with which 
antibiotics have been added should be collected during wet weather as well as run off 
water samples in near proximity to stables and pins along with samples from the river 
near pasture land during wet weather.  The three sampling areas should be tested for TC, 
E. coli, AREc, TCB, ARB counts.  This will give an indication of more influential 
sources, i.e. antibiotics directly from feed or antibiotics from the livestock.   
 Analysis of the associations between large paved areas should also be further 
analyzed during wet weather.  Water samples should also be taken from the edge of the 
shopping mall parking lot and from the river during wet weather. TC, E. coli, AREc, 
TCB, ARB counts should be tested along with a metal analysis of the effluence of the 
parking lot by testing soil samples directly next to the parking lot.  This will determine if 
the heavy metals associated with site 11/river mile 3.01, such as Cd, are associated with 
the mall parking lot.  Metals such as the ones found in this study are associated with 
batteries which could have a correlation with the heavy automotive vehicle traffic found 
on the large shopping mail parking lot.  Determining for metal resistance of bacteria 
collected from the shopping mall parking lot and related river site will determine the 
extent of the association of metals from the parking lot and antibiotic resistance found.  
Identification of heavy metal resistant genes will be need for this determination.   
 Water samples should be collected during wet and dry weather further upstream 
near the head of the Mud River before and after the valley fills of the mountain top 
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removal and tested for TC, E. coli, AREc, TCB, ARB counts as well as heavy metals to 
determine their effect of ARB load and metal load to the river system. 
 Disturbances in the river will be difficult to identify, but the consistence of high 
Cip-R bacteria at site 6/river mile 32.19 can help to determine direct inputs of ARB into 
the Mud River.  Water samples should be taken upstream and downstream of site 6/river 
mile 32.19 to determine the location of this direct input of contamination.  A heavy metal 
analysis of these sites should also be done as there were high levels of Pb found at site 
6/river mile 32.19.  Water quality parameters such as salinity, conductivity, and pH 
should be collected as these were high at site 6/river mile 32.19 and can help determine 
contamination sources. 
  PCR analysis should be done on bacteria samples cultured to determine specific 
consistently recurring ARB species resistant to individual antibiotics.  This would assist 
in determining sources of antibiotic resistance.    
 Finally, a unique opportunity has presented itself in this study.  At site 3/river 
mile 42.6 there was two beaver dams constructed approximately 35 feet upstream and 
approximately 35 feet downstream of the collection site sometime between the 2 August 
2007 and 20 October 2007 samplings.  Bacterial counts collected at this site in the future 
should be compared to old data for correlations to the effect of these beaver dams on 
bacterial counts.   
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Figures 
 
 
 
Figure 1. Chemical structure of ciprofloxacin 
 
 
Figure 2. Chemical structure of tetracycline 
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Figure 3. Chemical structure of Virginiamycin 
 41 
 
Figure 4. The lower 45 river miles of the Mud River with sites marked and land use color code. 
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Figure 5. The lower 45 river miles of the Mud River with sites marked and land use color code and 
tributaries marked the same as the lower Mud. 
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Figure 6. Canoco 4.5 graph, unit less axis, arrows direction and length denote importance, circles 
represent state of site in comparison to vectors which are land uses.  
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Figure 7. Mud River miles 43 through 46. Details of sites 1 and 2 shown. 
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Figure 8. River miles 39 through 44. details of sites 3, 4, and 5 shown. 
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Figure 9. River miles 30 through 38. Details of site 6 shown. 
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Figure 10. river miles 24 through 28. Details of site 7 shown. 
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Figure 11. River miles 16 through 23. Details of sites 8 and 9 shown. 
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Figure 12. River miles 7 through 13. Details of site 10 shown. 
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Figure 13. River miles 0 through 5. Details of sites 11 and 12 shown. 
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Figure 14. SEM spectrum of undissolved sediment from AAS prep of 2(4/27/07) sediment  
 
 
Figure 15. SEM spectrum of undissolved sediment from AAS prep of 9(7/5/07) sediment  
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Figure 16. SEM spectrum of undissolved sediment from AAS prep of 12(9/7/07) sediment 
 
 
Figure 17. SEM spectrum of undissolved sediment from AAS prep of 11(4/27/07) sediment 
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Figure 18. SEM spectrum of undissolved sediment from AAS prep of 11(4/27/07) sediment keyed into 
one particle (Zr) 
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Figure 19. ARB counts along with E. coli counts per site on 4/27/07, after rain event. E. coli (Ec), 
ciprofloxacin resistant bacteria (Cip-R), tetracycline resistant bacteria (Tet-R), virginiamycin 
resistant bacteria (Vir-R), total cultivable bacteria. 
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Figure 20. ARB counts along with E. coli counts per site on 5/31/07, no rain event. E. coli (Ec), 
ciprofloxacin resistant bacteria (Cip-R), tetracycline resistant bacteria (Tet-R), virginiamycin 
resistant bacteria (Vir-R). 
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Figure 21. ARB counts along with E. coli counts per site on 7/5/07, sites 7-12 fed by tributary with a 
rain event. E. coli (Ec), ciprofloxacin resistant bacteria (Cip-R), tetracycline resistant bacteria (Tet-
R), virginiamycin resistant bacteria (Vir-R). 
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Figure 22. ARB counts along with E. coli counts per site on 8/2/07, no rain event, but sites 3-12 were 
muddy with no increased flow. E. coli (Ec), ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 23. ARB counts along with E. coli counts per site on 9/7/07, no rain event. E. coli (Ec), 
ciprofloxacin resistant bacteria (Cip-R), tetracycline resistant bacteria (Tet-R), virginiamycin 
resistant bacteria (Vir-R). 
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Figure 24. ARB counts along with E. coli counts per site on 10/20/07, no rain event. E. coli (Ec), 
ciprofloxacin resistant bacteria (Cip-R), tetracycline resistant bacteria (Tet-R), virginiamycin 
resistant bacteria (Vir-R). 
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Figure 25. ARB and AREc per site on 4/27/07. Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R), ciprofloxacin resistant E. coli (Ec 
Cip-R), tetracycline resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 26. ARB and AREc per site on 5/31/0. Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R), ciprofloxacin resistant E. coli (Ec 
Cip-R), tetracycline resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 27. ARB and AREc per site on 7/5/07. Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R), ciprofloxacin resistant E. coli (Ec 
Cip-R), tetracycline resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 28. ARB and AREc per site on 8/2/07. Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R), ciprofloxacin resistant E. coli (Ec 
Cip-R), tetracycline resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 29. ARB and AREc per site on 9/7/07. Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R), ciprofloxacin resistant E. coli (Ec 
Cip-R), tetracycline resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 30. ARB and AREc per site on 10/20/07. Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R), ciprofloxacin resistant E. coli (Ec 
Cip-R), tetracycline resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
 
 
 65 
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
4/1 - 4/27 4/28 - 5/31 6/1 - 7/5 7/6 - 8/2 8/3 - 9/7 9/8 - 10/20
Time Period Prier to Sampling Date
P
re
c
ip
it
a
ti
o
n
 i
n
 I
n
c
h
e
s
 
Figure 31. Precipitation averages in in. during time periods between samplings. 
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Figure 32. Average flow during each sampling date in 2007. 
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Figure 33. Turbidity per site for 4/27/07 and 5/31/07. 
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Figure 34. Cd concentration in sediments per site and date plus standard deviation bars. 
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Figure 35. Se concentration in sediments per site and date plus standard deviation bars. 
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Figure 36. Pb concentration in sediments per site and date plus standard deviation bars. 
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Figure 37. E. coli an ARB seasonal averages plus standard deviation bars and P values from t-tests. 
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Figure 38. water temperature per site on each sampling date except 7/5/07 due to equipment failure. 
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Figure 39. E. coli vs. water temperature per sample site during spring samplings on 4/27/07 and 
5/31/07 plus R
2
 values and P values of linear regressions. E. coli (Ec), ciprofloxacin resistant E. coli 
(Ec Cip-R), tetracycline resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 40. Total cultivable bacteria vs. water temperature during spring samplings on 4/27/07 and 
5/31/07 plus R
2
 values and P values of linear regressions. Total cultivable bacteria (TCB).   
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Figure 41. Antibiotic resistant bacteria vs. water temperature during spring samplings on 4/27/07 
and 5/31/07 plus R
2
 values and P values of linear regressions. Ciprofloxacin resistant bacteria (Cip-
R), tetracycline resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 42. E. coli vs. water temperature during summer sampling on 8/2/07 plus R
2
 values and P 
values of linear regressions. E. coli (Ec), ciprofloxacin resistant E. coli (Ec Cip-R), tetracycline 
resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 43. Total cultivable bacteria vs. water temperature during summer sampling on 8/2/07 plus R
2
 
values and P values of linear regressions. Total cultivable bacteria (TCB).   
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Figure 44. Antibiotic resistant bacteria vs. water temperature during summer sampling on 8/2/07 
plus R
2
 values and P values of linear regressions. Ciprofloxacin resistant bacteria (Cip-R), 
tetracycline resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 45. E. coli vs. water temperature during fall samplings on 9/7/07 and 10/20/07 plus R
2
 values 
and P values of linear regressions. E. coli (Ec), ciprofloxacin resistant E. coli (Ec Cip-R), tetracycline 
resistant E. coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 46. Antibiotic resistant bacteria vs. water temperature during fall samplings on 9/7/07 and 
10/20/07 plus R
2
 values and P values of linear regressions. Ciprofloxacin resistant bacteria (Cip-R), 
tetracycline resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
 
 
 77 
R
2
 = 0.4501
P  = 0.0006
0
100000
200000
300000
400000
500000
600000
700000
800000
16 17 18 19 20 21 22 23 24
Temperature in Degrees Celsius
C
F
U
/m
l
TCB
Linear (TCB)
 
Figure 47. Total cultivable bacteria vs. water temperature during fall samplings on 9/7/07 and 
10/20/07 plus R
2
 values and P values of linear regressions. Total cultivable bacteria (TCB).   
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Figure 48.  E. coli vs. Temperature during all 6 sampling dates excluding 7/5/07 plus R
2
 values and P 
values of linear regressions.  E. coli (Ec). 
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Figure 49.  Total cultivable bacteria vs. Temperature during all 6 sampling dates excluding 7/5/07 
plus R
2
 values and P values of linear regressions. Total cultivable bacteria (TCB). 
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Figure 50.  Antibiotic resistant bacteria vs. Temperature during all 6 sampling dates excluding 7/5/07 
plus R
2
 values and P values of linear regressions.  Ciprofloxacin resistant bacteria (Cip-R), 
tetracycline resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 51. E. coli vs. flow during spring samplings on 4/27/07 and 5/31/07 plus R
2
 values and P values 
of linear regressions. E. coli (Ec), ciprofloxacin resistant E. coli (Ec Cip-R), tetracycline resistant E. 
coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 52.Total cultivable bacteria vs. flow during spring samplings on 4/27/07 and 5/31/07 plus R
2
 
values and P values of linear regressions. Total cultivable bacteria (TCB).   
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Figure 53. Antibiotic resistant bacteria vs. flow during spring samplings on 4/27/07 and 5/31/07 plus 
R
2
 values and P values of linear regressions. Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 54. E. coli vs. flow during summer samplings on 7/5/07 and 8/2/07 plus R
2
 values and P values 
of linear regressions. E. coli (Ec), ciprofloxacin resistant E. coli (Ec Cip-R), tetracycline resistant E. 
coli (Ec Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 55. Total cultivable bacteria vs. flow during summer samplings on 7/5/07 and 8/2/07 plus R
2
 
values and P values of linear regressions. Total cultivable bacteria (TCB).   
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Figure 56. Antibiotic resistant bacteria vs. flow during summer samplings on 7/5/07 and 8/2/07 plus 
R
2
 values and P values of linear regressions. Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 57. E. coli vs. flow during fall sampling on 9/7/07 plus R
2
 values and P values of linear 
regressions. E. coli (Ec), ciprofloxacin resistant E. coli (Ec Cip-R), tetracycline resistant E. coli (Ec 
Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 58. Antibiotic resistant bacteria vs. flow during fall sampling on 9/7/07 plus R
2
 values and P 
values of linear regressions. Ciprofloxacin resistant bacteria (Cip-R), tetracycline resistant bacteria 
(Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 59. Total cultivable bacteria vs. flow during fall sampling on 9/7/07 plus R
2
 values and P 
values of linear regressions. Total cultivable bacteria (TCB).   
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Figure 60.  E. coli vs. Flow during all 6 sampling dates excluding 10/20/07 plus R
2
 values and P values 
of linear regressions.  E. coli (Ec). 
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Figure 61.  Total cultivable bacteria vs. Flow during all 6 sampling dates excluding 10/20/07 plus R
2
 
values and P values of linear regressions.  Total cultivable bacteria (TCB). 
 
 
 
 92 
R
2
 = 0.0468
P  = 0.0970
R
2
 = 0.0074
P  = 0.5183
R
2
 = 0.0253
P  = 0.2244
-2000
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
0 0.5 1 1.5 2 2.5
Flow ft/sec
C
F
U
/m
l
Cip-R
Tet-R
Vir-R
Linear (Cip-R)
Linear (Tet-R)
Linear (Vir-R)
 
Figure 62.  Antibiotic resistant bacteria vs. Flow during all 6 sampling dates excluding 10/20/07 plus 
R
2
 values and P values of linear regressions.  Ciprofloxacin resistant bacteria (Cip-R), tetracycline 
resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 63. E. coli vs. Turbidity per Sample Site on 4/27/07 plus R
2
 values and P values of linear 
regressions. E. coli (Ec), ciprofloxacin resistant E. coli (Ec Cip-R), tetracycline resistant E. coli (Ec 
Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 64. Antibiotic resistant bacteria vs. turbidity on 4/27/07 plus R
2
 values and P values of linear 
regressions. Ciprofloxacin resistant bacteria (Cip-R), tetracycline resistant bacteria (Tet-R), 
virginiamycin resistant bacteria (Vir-R). 
 
 
 95 
R
2
 = 0.096
P  = 0.3276
0
100000
200000
300000
400000
500000
600000
700000
800000
900000
70 75 80 85 90 95 100 105 110 115 120
Turbidity in ntu
C
F
U
/m
l
TCB
Linear (TCB)
 
Figure 65. Total cultivable bacteria vs. Turbidity on 4/27/07 plus R
2
 values and P values of linear 
regressions. Total cultivable bacteria (TCB).   
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Figure 66. E. coli vs. turbidity per sample site on 5/31/07 plus R
2
 values and P values of linear 
regressions. E. coli (Ec), ciprofloxacin resistant E. coli (Ec Cip-R), tetracycline resistant E. coli (Ec 
Tet-R), virginiamycin resistant E. coli (Ec Vir-R).  
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Figure 67. Antibiotic resistant bacteria vs. turbidity per sample site on 5/31/07 plus R
2
 values and P 
values of linear regressions. Ciprofloxacin resistant bacteria (Cip-R), tetracycline resistant bacteria 
(Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 68. Total cultivable bacteria vs. turbidity per sample site on 5/31/07 plus R
2
 values and P 
values of linear regressions. Total cultivable bacteria (TCB).   
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Figure 69. Land usage of an 800m by 800m plot (400m on either side) upstream from each sample 
site.  
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Figure 70. Canoco 4.5 graph based on all bacterial counts of all sample dates, unit less axis, arrows 
direction and length denote importance, triangles represent bacterial distribution in comparison to 
vectors which are months of the year.  
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Figure 71. Canoco 4.5 graph based on all bacterial counts of all sample dates, unit less axis, arrows 
direction and length denote importance, circles represent bacterial counts for all 12 sites of a given 
sample date in comparison to vectors which are months of the year. 
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Figure 72. Canoco 4.5 graph of bacterial counts based on 4/27/07 data, unit less axis, arrows direction 
and length denote importance, triangles represent bacterial distribution in comparison to vectors 
which are environmental factors: Salinity pss, Conductivity ms/cm, pH, Flow Rate ft/s, Turbidity 
ntu, Temperature 
o
C, Dissolved Oxygen mg/L, Percent Dissolved Oxygen, Urban/Paved land area 
m
2
, Pasture land area m
2
, Row Crop land area m
2
.  
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Figure 73. Canoco 4.5 graph of bacterial counts based on 5/31/07 data, unit less axis, arrows direction 
and length denote importance, triangles represent bacterial distribution in comparison to vectors 
which are environmental factors: Salinity pss, Conductivity ms/cm, pH, Flow Rate ft/s, Turbidity 
ntu, Temperature 
o
C, Dissolved Oxygen mg/L, Percent Dissolved Oxygen, Urban/Paved land area 
m
2
, Pasture land area m
2
, Row Crop land area m
2
.  
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Figure 74. Canoco 4.5 graph of bacterial counts and metals, unit less axis, arrows direction and 
length denote importance, triangles represent bacterial distribution in comparison to vectors which 
are metal concentrations in sediment: Cadmium parts per billion, Lead parts per billion, Selenium 
parts per billion.  
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Figure 75. Canoco 4.5 graph sample sites and metals, unit less axis, arrows direction and length 
denote importance, circles represent state of site in comparison to vectors which are metal 
concentrations in sediment: Cadmium parts per billion, Lead parts per billion, Selenium parts per 
billion.  
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Figure 76.  E. coli collected on 4/27/07 vs. percent urban land use within 800 m2 buffers zone of 
sample sites plus R
2
 values and P values of linear regressions.  E. coli (Ec).  
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Figure 77.  Total cultivable bacteria collected on 4/27/07 vs. percent urban land use within 800 m2 
buffers zone of sample sites plus R
2
 values and P values of linear regressions.  Total cultivable 
bacteria (TCB). 
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Figure 78.  Antibiotic resistant bacteria collected on 4/27/07 vs. percent urban land use within 800 m2 
buffers zone of sample sites plus R
2
 values and P values of linear regressions.  Ciprofloxacin resistant 
bacteria (Cip-R), tetracycline resistant bacteria (Tet-R), virginiamycin resistant bacteria (Vir-R). 
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Figure 79.  E. coli collected on 4/27/07 vs. percent pasture land use within 800 m2 buffers zone of 
sample sites plus R
2
 values and P values of linear regressions.  E. coli (Ec). 
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Figure 80.  Total cultivable bacteria collected on 4/27/07 vs. percent pasture land use within 800 m2 
buffers zone of sample sites plus R
2
 values and P values of linear regressions.  Total cultivable 
bacteria (TCB). 
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Figure 81.  Antibiotic resistant bacteria collected on 4/27/07 vs. percent pasture land use within 800 
m2 buffers zone of sample sites plus R
2
 values and P values of linear regressions.  Ciprofloxacin 
resistant bacteria (Cip-R), tetracycline resistant bacteria (Tet-R), virginiamycin resistant bacteria 
(Vir-R). 
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Figure 82.  E. coli collected on 4/27/07 vs. percent row crops land use within 800 m2 buffers zone of 
sample sites plus R
2
 values and P values of linear regressions.  E. coli (Ec). 
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Figure 83.  Total cultivable bacteria collected on 4/27/07 vs. percent row crops land use within 800 
m2 buffers zone of sample sites plus R
2
 values and P values of linear regressions.  Total cultivable 
bacteria (TCB). 
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Figure 84.  Antibiotic resistant bacteria collected on 4/27/07 vs. percent row crops land use within 
800 m2 buffers zone of sample sites plus R
2
 values and P values of linear regressions.  Ciprofloxacin 
resistant bacteria (Cip-R), tetracycline resistant bacteria (Tet-R), virginiamycin resistant bacteria 
(Vir-R). 
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Figure 85. Canoco 4.5 graph of sites based on 4/27/07 data, unit less axis, arrows direction and length 
denote importance, circles represent state of site in comparison to vectors which are environmental 
factors: Salinity pss, Conductivity ms/cm, pH, Flow Rate ft/s, Turbidity ntu, Temperature 
o
C, 
Dissolved Oxygen mg/L, Percent Dissolved Oxygen, Urban/Paved land area m
2
, Pasture land area 
m
2
, Row Crop land area m
2
.  
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Figure 86. Canoco 4.5 graph of sites based on 5/31/07 data, unit less axis, arrows direction and length 
denote importance, circles represent state of site in comparison to vectors which are environmental 
factors: Salinity pss, Conductivity ms/cm, pH, Flow Rate ft/s, Turbidity ntu, Temperature 
o
C, 
Dissolved Oxygen mg/L, Percent Dissolved Oxygen, Urban/Paved land area m
2
, Pasture land area 
m
2
, Row Crop land area m
2
.  
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Appendices 
 
Appendix A 
 
Antibiotic Stock Solutions 
1. The antibiotics, solvents, and concentrations used are shown in Table 1. 
Table 1. Antibiotics used and recommended concentrations. 
Antibiotic  Catalog No.  Solvent  
Stock 
Conc.  
Working 
Conc. 
Fungizone  
BioWhitaker 17-
836R NA 
250 
_g/ml  
 375 
ng/ml 
Ampicillin Sodium 
Salt  
Fisher BP1760-
25  H2O  
50 
mg/ml  
50 
ug/ml 
Ciprofloxacin  
Cellgro 61-277-
RF  DMSO  
4.86 
mg/ml  4 ug/ml 
Erythromycin  Fisher BP920-25  EtOH:H2O 
8 
mg/ml 8 ug/ml 
Streptomycin Sulfate  Fisher BP910-50  Water  
25 
mg/ml  
25 
ug/ml 
Sulfamethizole  
Fisher 
ICN15671125 DMSO  
128 
mg/ml  
128 
ug/ml 
Tetracycline 
Hydrochloride 
Fisher BP912-
100 EtOH:H2O  
12.5 
mg/ml  
12.5 
ug/ml 
Virginiamycin  
Fisher 50-213-
730  DMSO  
16 
mg/ml  
16 
ug/ml 
 
*Fungizone is purchased as a stock solution, it is stored frozen and thawed before use. 
DMSO = dimethylsulfoxide (Certified ACS). EtOH:H2O = a mixture of equal parts 
ethanol (100% USP) and reagent grade water (18 MΩ ). 
   
2. Using an analytical balance, weigh out sufficient antibiotic to make a 10 ml stock 
(seeTable 1 and note below) and transfer the antibiotic powder to a sterile 15 ml 
plasticcentrifuge tube (Falcon 2095; Becton Dickinson, Sparks, MD or equivalent). 
Note . for determining amount of antibiotic powder to use 
a. Be sure to account for the purity of the antibiotic powder by dividing the weight 
of pure antibiotic required by the purity. For example, ciprofloxacin may be 
provided as a powder that contains 803 mg ciprofloxacin per gram. To achieve a 
stock concentration of 4 mg ciprofloxacin per ml, it is necessary to add 4.98 [or 
4.0 mg cipro x (1000 mg powder / 853.9 mg cipro)] mg powder per ml of stock 
solution. 
 
3. Add 10 ml of the appropriate solvent (see Table 1) to the tube, and vortex to mix. 
 
4. In some cases (e.g. when making stock solutions of ciprofloxacin) the tube can be 
placed in a bath sonicator to facilitate dissolution of the solute. Take care to be certain 
that all of the antibiotic has gone into solution. 
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5. Draw the antibiotic solution into a sterile 10 ml syringe, and sterilize by forcing the 
solution through a sterile, 0.2 _m syringe filter (Fisher Scientific cat. no. 09-719C or 
equivalent) into a second sterile plastic centrifuge tube. Do not filter sterilize antibiotics 
dissolved in DMSO. 
 
6. Store the antibiotic stocks at -20°C until used. Replace antibiotic stocks each month. 
 
Media Preparation 
1. Suspend 9.1 grams Difco R2A agar (Becton Dickinson, Sparks, MD; cat no. 218263) 
in 500 ml of purified water in a 1,000 ml capacity glass Erlenmeyer flask. 
 
2. Add a magnetic stir bar, cover the flask with aluminum foil, place and piece of 
autoclave tape on the foil, and mark the name of the antibiotic to be added (if 
appropriate) on the foil. 
 
3. Swirl the flask to evenly hydrate the suspended powder, and autoclave at 121°C and 15 
psi for 20 minutes on a slow exhaust cycle. 
 
4. Move the medium from the autoclave to a 48°C water bath, and hold for at least 30 
minutes but not more than 4 hours. 
 
5. While the medium is cooling, remove the appropriate antibiotic stock solutions from 
the freezer and thaw on ice (all antibiotics except ciprofloxacin) or at room 
temperature (ciprofloxacin). 
 
6. Place the flask on a magnetic stir plate and stir gently until the medium is well mixed. 
Be careful not to introduce bubbles. Test the temperature of the medium by touching the 
side of the flask briefly with your bare hand. It should be warm, but not hot. If the flask is 
hot to the touch, return it to the water bath until it has cooled enough to be handled 
comfortably. Do not allow the medium to cool below 48°C. 
 
7. Wear disposable latex gloves for the remaining steps of media preparation. When 
properly tempered, again move the medium to the magnetic stirrer. While stirring gently, 
aseptically add 750 µl of fungizone stock. 
 
8. Continue stirring for 15 to 30 seconds after the addition of the fungizone to the 
medium. Tilt the flask to insure that all the fungizone stock solution is transferred to the 
medium. 
 
9. If you are preparing R2A plus fungizone for the enumeration of total cultivable 
bacteria, aseptically pour 25 ml per plate into pre-sterilized 100 x 15 mm Petri dishes 
(Falcon 1029, Becton Dickinson, Sparks, MD or equivalent). 
 
10. If you are preparing R2A plus fungizone and an additional antibiotic for the 
enumeration of a particular resistant population, aseptically add 500 _l of the 
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appropriate antibiotic stock to the flask. Stir gently for an additional 15 seconds and tilt 
the flask to insure that all the antibiotic stock is transferred to the medium. 
 
11. Pour the plates as described in step 9. 
 
12. Clearly mark the plates to indicate media content. E.g. .R2Af . can be used to 
indicate R2A agar plus fungizone, and .R2Afc. to indicate R2A agar plus fungizone and 
ciprofloxacin, etc. 
 
13. Allow plates to cure at room temperature for at least 48 hours before use. Plates 
should be inoculated no later than seven days after pouring. 
 
Sample Collection 
 
1. Whole water samples must be collected in sterile containers with secure, leak-proof 
lids. Containers must be clearly labeled with a sample number, and the sample number 
must be recorded in a notebook in which the location, date and time of sampling are 
clearly and fully described. If available, include additional information such as: latitude 
and longitude, air temperature, water temperature, weather conditions, turbidity, level of 
boating activity, land use patterns, etc. 
 
2. The container should be opened so that the opening is pointing downward, and the 
inside of the lid does not come into contact with any non-sterile surfaces. 
 
3. Continue holding the opening downward while passing the container through the 
surface tension layer. 
 
4. When the container is fully submerged, invert it so that it fills with water. 
 
5. Pour off enough water to leave approximately a 10% air headspace. 
 
6. Seal the container and place on ice. Samples should be cultivated within 6 hours of 
collection. 
 
Enumeration of Total Cultivable Bacteria 
 
1. Remove a sample bottle from the ice chest and mix by inversion to re-suspend any 
sediment that may have settled out during transit. 
 
2. Aseptically transfer 0.1 ml of sample to a sterile 9.9 ml dilution blank in a screw-cap 
test tube. 
 
3. Tightly cap the tube and mix at full speed on a vortex mixer for at least 5 seconds. 
 
4. Aseptically transfer 0.1 ml of diluted sample to each of three plates of Difco R2A agar 
plus 375 ng/ml fungizone. 
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5. Spread the diluted water sample on the surface of the agar plates using a sterile glass 
spreading rod, a pre-sterilized inoculating loop, or five sterile glass beads (5 mm; see 
note) until all of the liquid has been absorbed. 
 
Note . for use of sterile glass beads 
 
a. Place six glass beads (Fisher Scientific cat no. 11-312C) into a 1000 ml pipette tip 
(Biolog cat no. 3001; other tips should be tested for suitability). One set of beads is 
required for each plate inoculated. 
 
b. Place the tip with beads into the original pipette box, cover all the tips with a 
sheet of aluminum foil, place the cap on the box, place a piece of autoclave tape 
on the box, and autoclave at 121°C and 15 psi for 15 minutes. 
 
c. When plating . open the pipette tip box, roll back the aluminum foil to expose a 
single row of pipette tips, remove one tip at a time, lift the lid of an inoculated 
plate, and pour the sterile beads onto the agar surface. Normally, one bead 
remains stuck in the bottom of the tip. 
 
d. Repeat step c for all replicate plates. 
 
e. Cover the plates and stack them. Then shake the plates by moving them in a 
quick back and forth motion while keeping the bottom plate in contact with the 
bench top - it is imPortant to avoid allowing the beads to run in a circular motion 
around the outer edge of the Plate. Shake five times, then rotate the plates by 
one-quarter turn and shake again five times. Repeat shaking and turning the 
plates a total of five times. 
 
f. Invert the plates and collect the used beads in a beaker containing 70% ethanol. 
 
6. Plates must be clearly marked with sample number and date of inoculation. 
 
7. Wrap each set of three plates with parafilm and incubate inverted at 25°C for one week 
(see note) 
 
Note . for incubation of R2A plates 
 
a. R2A agar plates inoculated with river or lake water will continue to develop new 
microcolonies for 5 to 6 days after inoculation. Therefore, incubation for at least seven 
days is recommended. Incubation at temperatures above 25°C is not 
recommended as it may reduce the number of colony forming units. 
 
8. After incubation, count the number of colony forming units (CFU) on each plate and 
record in a laboratory notebook. 
9. Determine the mean and standard deviation of CFU counts on replicate plates and 
record in a laboratory notebook. 
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10. Determine the CFU per ml of total cultivable bacteria in the original sample by 
multiplying the average CFU value by a dilution factor of 1,000 (accounts for the 
initial 10-2 dilution and the plating volume of 0.1 ml). Record this value in the 
laboratory notebook. 
 
Enumeration of Antibiotic Resistant Bacteria 
 
1. Remove a sample bottle from the ice chest and mix by inversion to re-suspend any 
sediment that may have settled out during transit. 
 
2. Aseptically transfer 0.1 to 0.2 ml (see note) of undiluted sample to each of three plates 
of Difco R2A agar plus 375 ng/ml fungizone, plus the appropriate 
concentration of a single antibiotic (see Table 1). 
 
Note . for selection of plating volume 
 
a. Preliminary tests to determine the volume of sample to be plated are 
recommended. A plating volume of 0.1 ml is the default volume, but if the 
number of antibiotic resistant colony forming units is consistently less than 30 per 
plate, the volume should be increased to 0.2 ml 
 
3. Spread the undiluted water sample on the surface of the agar plates using a sterile glass 
spreading rod, a pre-sterilized inoculating loop, or five sterile glass beads (5 mm; see note 
above) until all of the liquid has been absorbed. 
 
4. Plates must be clearly marked with sample number and date of inoculation. 
 
5. Wrap each set of three plates with parafilm and incubate inverted at 25°C for one week 
(see note above). 
 
6. After incubation, count the number of colony forming units (CFU) on each plate and 
record in a laboratory notebook. 
 
7. Determine the mean and standard deviation of CFU counts on replicate plates and 
record in a laboratory notebook. 
 
8. Determine the CFU per ml of total cultivable bacteria in the original sample by 
multiplying the average CFU value by a dilution factor of 10 (for a plating volume of 0.1 
ml) or 5 (for a plating volume of 0.2 ml). Record this value in the laboratory 
notebook. 
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Appendix B 
Most probable number (MPN) Table for the IDEXX Colilert Quanti Tray Method 
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Appendix B (continued) 
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Appendix C 
Preparation of Rock samples for bulk analysis 
A) Single solution method 
 
Objectives: To prepare a dilute solution of your samples/ standard that is suitable for 
analysis of all elements. 
 
Supplies Needed: Muffle furnace   
Lab notebook 
   Weigh papers Balance  
   Dehydrated Lithium metaborate (LiBO2) 
   Lithium tetraborate (Li2B4O7)  
   1:7 H2SO4 
   Powdered sample  
Two clean stainless steel spatulas 
   Graphite crucibles  
   Stir plates, Magnetic stir bars, water (distilled + DI) 
   Clean 250 ml polypropylene beakers 
   Clean 500 ml polypropylene/ nalgene bottles 
   250 ml volumetric flask, pipette, marker pen 
   Long tongs Asbestos gloves Vinyl gloves 
 
Procedure: 
 
1. Turn on muffle furnace. Set to 1000°C. Program the furnace so that it would reach the 
desired T. It usually takes it ~ 1.5 hours to reach this T.  
 
2. Design a table in your lab notebook with the following headings: Sample#, sample 
weight, flux weight, date, notes on fusion. 
 
3. Turn on balance. Weigh out 0.05 ± 0.001 g of each of your standards/ samples putting 
them aside on weighing paper. Clean your spatula between powders. Record your exact 
weight in the notebook. 
 
4. Using the other spatula, weigh out 0.3 g of flux for each of your samples/ standards. 
Your flux consists of 1 part Lithium metaborate and 2 parts Lithium tetraborate that have 
been previously prepared and thoroughly mixed. Record the exact weight each time as 
well. 
 
5. Place a large chem wipe on the countertop, then place a 6x6 piece of weigh paper on 
the chem wipe. This is the area that the powders are mixed. Place your crucibles next to 
mixing area. Label your crucibles by notching numbers on their outside. Draw a map of 
the crucible positions in your lab notebook, and note which sample will go in which 
crucible. 
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6. Mix every sample/ standard with its flux. Mix with spatula until color is uniform. No 
clumps of either the flux or rock powder should be left when mixing is complete. Take 
care to keep ALL grains of each powder on the 6x6 weigh paper. Carefully pour mixture 
from weigh paper into graphite crucible. Keep mixture off the sides of the crucible. 
 
7. Weigh out an additional 0.3 g of flux to be placed all by itself in crucible w/o the 
sample or standard. This will be your blank. 
 
8. Arrange, on the lab countertop, the 250 ml Teflon beakers and corresponding 500 ml 
nalgene bottles. Label the beakers with the sample # and the bottles as follows: 
your name  date 
    sample # 
   xxx g rock yyy g flux 
   in 250 ml 0.02% 1:7 H2SO4 
 
NOTE: The sample numbers of the bottles should be in the same order as the 
samples in their crucibles. 
 
9. With furnace at 1000oC, use the long tongs to place the crucibles in the furnace. Note 
the order of the crucibles in the furnace, as mix-ups can occur here. 
IMPORTANT: Remove watches and other jewelry and wear a thick, long sleeved 
shirt and/or lab coat along with the asbestos gloves when placing/removing crucibles 
from furnace. 
 
10. After 25 minutes, remove the crucible from furnace and place it on the steel grid. 
Place hot crucible onto steel slab. Repeat for other samples. Turn off the furnace when 
done. 
 
11. Tap the bead in each crucible into its corresponding beaker. Add 50 ml of boiling 
distilled and DI water to each beaker.  
 
12. Add 5 ml of 1:7 H2SO4. Place the spin bars into the beakers and cover with a Teflon 
watch glass. Stir for 45 minutes on a hot plate. 
 
13. Inspect crucibles for any beads that might not have come out. Make appropriate notes 
in lab book. When samples are in solution, pour into a clean volumetric 250 ml flask 
removing the spin bar with the help of a clean funnel. Complete the solution to the 250 
ml mark. When done, transfer your solution to the labeled 500ml nalgene bottle for 
storage.  
 
14. Clean all plastic and glassware used. Put away stir plates and stir bars in appropriate 
drawers. 
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B) Acid digestion method 
 
Objective: To produce a (relatively) concentrated solution of the rock/ standard sample 
suitable for analysis of all elements except Si. 
 
Supplies needed: 
Goggles, lab coat, heavy duty gloves 
HF, HNO3, HCl. 
Plastic graduated cylinder 
Plastic measuring cup 
Clean Teflon beakers and covers 
Weighing paper, spatulas 
Distilled and DI water 
Hot plate 
 
General comments: 
The procedure of dissolving your rock requires heating the sample overnight. You will 
need two days to carry this procedure out. You don’t need to be present all the time! 
 
Day 1: 
1- Clean Teflon beakers and beaker covers. Label each beaker. Put 0.5 ml of distilled 
water in each beaker. 
2- Weigh out 0.5 g of your sample/ standard powder on weighing paper. Record the 
exact weight in your lab notebook. 
3- Transfer the powder carefully into the Teflon beaker. Cover. Do this for all your 
samples. You may wish to run your samples in duplicate, which means that you 
have to weigh out the powder for each sample twice, each time putting it into a 
different beaker. 
4- You may also wish to run a blank of the same acids used for the sample digestion. 
If so, prepare an extra clean Teflon beaker, but leave it empty. 
5- In the fumehood, add 15 ml of HNO3 and 10 ml HF to each beaker. Use a plastic 
measuring cup for the HF.  
6- Cover the beaker, and heat on a hot plate at ~ 2.5 or 3 overnight. 
Day 2: 
1- Uncover the beakers. Be careful not to have any acid drop on your fingers, as 
some has condensed on the inside of the cover. 
2- Let the acid evaporate, and let the residue dry to crumbly white powder. Be 
careful not to burn the residue (you may wish to turn down the dial on the hot 
plate to ~ 1.5 or 2). 
3- Add 5 ml HCl. Add 30 ml distilled water to the dry residue. 
4- Cover the beaker again, and heat for 1-2 hours. 
5- Examine the solution. If it is clear, then cool. If there is some residual rock 
material, then continue to heat until it dissolves. 
6- Transfer the solution to a 100 ml volumetric flask. Complete the volume to the 
mark with distilled water. Label your flask as a ―stock solution‖ using the 
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protocol described above. Transfer into a nalgene bottle for storage. Your 
solution is good for ~ 6 months. 
 
Appendix D 
River mile (starting at 0 where the Mud enters the Guyandotte River) and x, y coordinates 
of all twelve sample sites. 
Site # 
River 
Mile 
X 
coordinate 
Y 
coordinate 
1 45.07 402519 4237285 
2 43.57 404280 4237195 
3 42.6 405592 4237601 
4 41.53 405722 4238613 
5 40.96 405145 4239165 
6 32.19 402632 4244146 
7 26.01 402758 4249507 
8 19.52 401050 4254390 
9 17.83 398929 4254318 
10 8.87 393036 4254182 
11 3.01 389235 4252704 
12 0.31 387390 4252856 
 
Appendix E 
Number of 30 m2 land use plots per site of three key land features and % of feature in 
each 800 m2 buffer zone of each site. Urban includes low density residential, high density 
residential, commercial/industrial/transportation, and transitional. 
Sample 
Site Urban Pasture 
Row 
Crops 
% 
Urban 
of 800m 
sq. 
% 
Pasture 
of 800m 
sq. 
% Row 
Crops 
of 800m 
sq. 
1 2 462 143 0.28 64.97 20.11 
2 156 277 29 21.94 38.95 4.08 
3 6 329 45 0.84 46.27 6.33 
4 0 248 46 0.00 34.88 6.47 
5 0 168 117 0.00 23.63 16.45 
6 0 97 15 0.00 13.64 2.11 
7 0 174 32 0.00 24.47 4.50 
8 192 133 259 27.00 18.70 36.42 
9 31 186 58 4.36 26.16 8.16 
10 99 250 9 13.92 35.16 1.27 
11 287 90 24 40.36 12.66 3.38 
12 355 120 0 49.92 16.88 0.00 
 
 128 
Appendix F 
Flow and depth 
Collected on 4-27-07     
Note: Collected after water crested after rain event.   
  Flow ft per sec Flow ft per sec Flow ft per sec  
 Sample Site Edge Mid Surface Mid Bottom Depth in inches 
 1 0.58 1.72 0.91 15 
 2 NA NA 0.01 15 
 3 0.105 1.63 0.47 15 
 4 NA 0.27 0.28 25 
 5 0.6 1.95 0.85 16 
 6 0.79 1.81 0.06 24 
 7 0.92 2.86 1.72 15 
 8 0.81 1.03 0.24 30 
 9 1.14 1.18 0.49 19 
 10 0.68 1.25 0.9 21 
 11 1.2 2.4 1.2 25 
 12 11 28 0.03 22 
 
 
Collected on 5-31-
07     
Note: Water at base flow, beginning feed 
by water table.   
 Sample Site 
Flow ft 
per sec 
Depth in 
inches 
Dis. 
Across ft  
 1 0.33 5 42 
Note: depth/flow taken from one side 
of river to other 
  0.36 5   
  0.18 5   
  0.38 7   
      
 2 0.01 4   
  -0.02 9   
  0.01 20   
  -0.01 28   
  0.02 30   
      
 3 0.35 3 28 
Note: depth/flow taken from one side 
of river to other 
  0.43 4   
  1.25 5   
  1.33 3   
  0.38 2   
  0.67 1   
      
 4 0 15   
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  0.01 15   
  0.03 19   
  0.01 18   
  0.01 28   
      
 5 0.03 2 52 
Note: depth/flow taken from one side 
of river to other 
  0.27 3   
  0.18 4   
  0.12 8   
  0.11 15   
  0.41 13   
  0.3 11   
  0.21 5   
      
 6 0.07 5 40 
Note: depth/flow taken from one side 
of river to other 
  0.09 13   
  0.22 17   
  0.38 17   
  0.05 20   
  0.05 19   
  0.01 12   
  0.09 6   
      
 7 -0.01 4 47 
Note: depth/flow taken from one side 
of river to other 
  0.09 6   
  0.21 8   
  0.2 7   
  0.38 9   
  0.27 13   
  0.21 15   
  0.02 6   
      
 8 -0.01 10   
  0.07 14   
  0.03 19   
  0.13 23   
  0.03 27   
      
 9 0.16 4 70  
  0.15 8   
  0.05 8   
  0.11 11   
  -0.06 14   
  -0.01 19   
  0.02 21   
      
 130 
 10 0.01 3   
  0.04 9   
  0.08 14   
  -0.04 21   
      
 11 0 7 47 
Note: depth/flow taken from one side 
of river to other 
  0.39 15   
  0.22 14   
  0.18 12   
  0.23 10   
  0.25 6   
  -0.02 3   
      
 12 0.02 7   
  0.05 16   
  -0.08 21   
  0.08 17   
 
 
Collected on 7-5-
07     
Note: Collected at base flow, river fed from water table. 
Starting at site 7 not at base flow, muddy and high from 
tributary.  
 Sample Site 
Flow ft 
per sec 
Depth in 
inches 
Dis. 
Across ft  
 1 0.11 3 42 
Note: depth/flow taken from one side 
of river to other 
  0.19 4   
  0.14 3   
  0.01 2   
  0.17 4   
  0.33 4   
  0.03 4   
      
 2 0.07 5   
  0.01 15   
  -0.2 26   
  -0.06 30   
      
 3 NA 1 28 
Note: depth/flow taken from one side 
of river to other 
  0.65 2   
  2.11 3   
  1.26 2   
  NA 1   
      
 4 0.04 16   
  0.01 17   
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  0.02 17   
  0 29   
      
 5 NA 1 26 
Note: depth/flow taken from one side 
of river to other 
  0.09 2   
  0.15 6   
  0.03 8   
  0.12 12   
  0.27 9   
  -0.05 3   
      
 6 0.02 2  
Note: depth/flow taken from one side 
of river to other 
  0.09 5   
  0.1 11   
  0.07 15   
  0.04 16   
  0.01 19   
  0.01 21   
  0 11   
  0.01 3   
      
 7 NA 1 47 
Note: depth/flow taken from one side 
of river to other 
  0.05 2   
  0.07 3   
  0.18 3   
  0.26 3   
  0.43 8   
  0.44 8   
  0.35 11   
  0.05 4   
      
 8 0.44 Surface   
  0.18 
Bottom 
18   
      
 9 0.7 Suface   
  0.15 12   
      
 10 0.47 Surface   
  0.1 12   
      
 11 1.16 Surface   
  0.3 10   
      
 12 0.66 Surface   
  0.5 11   
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Collected on 8-2-
07     
Note: Water at base flow; starting at site 3, water 
extremely muddy.  
 Sample Site 
Flow ft 
per sec Depth in inches  
 1 0.15 4 30 
Note: depth/flow taken from one side 
of river to other 
  0.3 4   
  0.3 4   
  0.25 3   
  0.37 5   
  0.13 4   
      
 2 0.02 
Surface 
Edge 20  
  0.01 20   
      
 3 0.89 2 30 
Note: depth/flow taken from one side 
of river to other 
  0.83 2   
  1.61 3   
  0.41 3   
  0.48 2   
  0.2 2   
      
 4 0.01 
Surface 
Edge   
  0.01 17   
      
 5 0 2 15 
Note: depth/flow taken from one side 
of river to other 
  0.24 2   
  0.09 6   
  0.1 11   
  0.3 13   
  0.3 9   
  0.3 11   
  0.06 3   
      
 6 0.57 
Surface 
Edge 20  
  0.2 14   
      
 7 0.04 6 25 
Note: depth/flow taken from one side 
of river to other 
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  0.31 5   
  0.43 6   
  0.42 8   
  0.37 12   
  0.2 13   
  0.01 8   
      
 8 0.01 
Surface 
Edge   
  0.08 10   
      
 9 0.66 
Surface 
Edge   
  0.38 7   
      
 10 0.07 
Surface 
Edge   
  0.01 9   
      
 11 0.56 
Surface 
Edge   
  0.48 14   
      
 12 0.2 
Surface 
Edge   
  0.22 12   
 
 
Collected on 
9-7-07     
Note: Water at base flow (lowest 
flow of samplings)   
 
Sample 
Site 
Flow ft 
per 
sec 
Depth 
in 
inches 
Dis. 
Across 
ft  
 1 0.05 1 30 
Note: depth/flow taken from one side of river to 
other 
  0.11 1   
  0.09 1   
  0.15 3   
  0.35 2   
  0.05 1   
      
 2 0 4 20  
  0 18   
      
 3 0.01 9 30 
Note: Beaver dam constructed above and below 
site 3; 80ft river span between dams 
  0.07 6  
Note: depth/flow taken from one side of river to 
other 
  0 9   
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  0.03 10   
  0 11   
  0 9   
  0 3   
      
 4 na na   
      
 5 0.01 2 15 
Note: depth/flow taken from one side of river to 
other 
  0.03 5   
  0.02 10   
  0.09 6   
  0 3   
      
 6 0.02 
4 
(edge) 20  
  0 12   
  0 
16 (half 
way)   
      
 7 0 3 25 
Note: depth/flow taken from one side of river to 
other 
  0 4   
  0 3   
  0.03 6   
  0.05 11   
  0 5   
      
 8 0 
Surfac
e 40 Note: oily film on surface at site 8 
  0 8   
      
 9 0.03 
2 
(edge) 40  
  0.03 4   
  0.04 7   
  0.02 
13 
(only 
30ft 
 
across)   
      
 10 0.01 
2 
(edge)  
Note: oily film and duckweed on surface at site 
10 
  0.01 8   
  0.01 13   
  0 
16 (half 
way)   
      
 11 0.02 6 34 Note: oily film on surface at site 11 
  0.03 11  Note: depth/flow taken from one side of river to 
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other 
  0.03 12   
  0.02 10   
  0.04 9   
  0.02 6   
  0.04 2   
      
 12 0.02 8  Note: oily film on surface at site 12 
  0.03 22   
 
 
Collected on 10-20-
07   
Continued low flow ( light rain week beforehand) 
No recordable flow Flow 0 or lower at every site 
 site   
 3 
Note: Beaver dam constructed above and below site 3; 80ft river span 
between dams 
 8 Note: wate was muddy 
 9 Note: brick red coloration in sandy bank 
 10 Note: surface completey covered in duck weed and green algee 
 
 
Appendix G 
Water Quality Physical Parameters Data 
Collected on 4-
27-07        
Collected after water crested after rain event.     
 
Sample 
Site 
Temperature 
Celsius 
Specific 
Conductivity 
ms/cm  
Dissolved 
Oxygen 
mg/L pH 
Salinity 
pss  
% 
Dissolved 
Oxygen Turbidity ntu 
 1 17.03 0.19 6.98 6.8 0.09 76.1 72.6 
 2 16.95 0.196 6.63 6.78 0.09 72.3 99.3 
 3 16.93 0.193 6.85 6.75 0.09 74.5 90.5 
 4 17.1 0.184 6.51 6.75 0.09 71.2 81.8 
 5 17.08 0.177 6.69 6.73 0.08 73 81.2 
 6 17.26 0.165 6.82 6.72 0.08 73.6 98.9 
 7 17.4 0.164 6.88 6.91 0.08 75.4 93.3 
 8 17.57 0.172 6.93 6.59 0.08 72.7 92 
 9 17.61 0.177 6.92 6.64 0.08 73.1 88.3 
 10 17.87 0.179 6.68 6.86 0.09 74 76.9 
 11 17.68 0.181 6.67 6.79 0.09 73.7 95.1 
 12 17.78 0.182 6.02 6.48 0.09 67.3 115 
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Collected on 5-
31-07        
Water at base flow, beginning feed by water table.     
 
Sample 
Site 
Temperature 
Celsius 
Specific 
Conductivity 
ms/cm  
Dissolved 
Oxygen 
mg/L pH 
Salinity 
pss  
% 
Dissolved 
Oxygen Turbidity ntu 
 1 21.84 0.409 5.56 6.78 0 66.8 82.5 
 2 21.84 0.408 5 6.99 0 59.8 166 
 3 21.93 0.401 5.58 7.06 0 67 86.7 
 4 22.43 0.363 4.52 6.96 0 55.6 113 
 5 22.48 0.356 5.25 7.03 0 63.7 122 
 6 22.97 0.35 5.73 7.25 0 7.02 160 
 7 22.9 0.351 5.83 7.2 0.17 70 89 
 8 23.8 0.34 5.83 7.06 0.17 71.4 114 
 9 22.9 0.35 5.56 7.07 0.17 68.2 243 
 10 23.7 0.34 4.56 7 0.17 56.5 87.9 
 11 23.84 0.34 5.39 7.15 0.16 67.3 107 
 12 23.4 0.35 5.35 7.07 0.17 66.1 107 
 
Collected on 8-2-07  
Water at base flow; starting at site 3, water extremely 
muddy. 
 Sample Site Temperature Celsius 
 1 25.4 
 2 24.4 
 3 24.5 
 4 24.5 
 5 25.6 
 6 25.4 
 7 25.4 
 8 27 
 9 26.5 
 10 26.6 
 11 26.3 
 12 26 
 
 
Collected on 9-7-07  
Water at base flow (lowest flow of samplings) 
 Sample Site 
Temperature 
Celsius 
 1 23.3 
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 2 22.1 
 3 22.5 
 4 22.5 
 5 22.6 
 6 22.5 
 7 22.5 
 8 22.7 
 9 22.9 
 10 22.9 
 11 23.2 
 12 23 
 
 
Collected on 10-20-07  
Continued low flow ( light rain week 
beforehand) 
 Sample Site 
Temperature 
Celsius 
 1 17.3 
 2 16.4 
 3 16.7 
 4 16.8 
 5 16.8 
 6 16.4 
 7 16.9 
 8 17 
 9 16.9 
 10 16.4 
 11 16.1 
 12 16.1 
 
Appendix H 
Plate Count Method Bacterial CFU Counts 
R2A - agar plus fungizone 
Cipro – agar plus fungizone and ciprofloxacin 
Tet – agar plus fungizone and tetracycline 
Vir – agar plus fungizone and virginiamycin 
TCB – CFU’s of total cultivable bacteria per ml 
Cip-R – CFU’s of ciprofloxacin resistant bacteria per ml 
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Tet-R – CFU’s of tetracycline resistant bacteria per ml 
Vir-R – CFU’s of virginiamycin resistant bacteria per ml 
Collected on 4-27-07     
Collected after water crested after rain 
event.   
Sample Site R2A R2A R2A average TCB 
1 449 327 513 429.67 429666.67 
2 592 629 580 600.33 600333.33 
3 690 403 456 516.33 516333.33 
4 618 510 571 566.33 566333.33 
5 736 392 484 537.33 537333.33 
6 700 366 952 672.67 672666.67 
7 1280 848 436 854.67 854666.67 
8 680 944 988 870.67 870666.67 
9 808 640 912 786.67 786666.67 
10 676 572 760 669.33 669333.33 
11 496 424 444 454.67 454666.67 
12 712 748 592 684 684000 
      
Sample Site cipro cipro cipro average  Cip-R 
1 19 29 32 26.67 266.67 
2 20 53 19 30.67 306.67 
3 36 30 14 26.67 266.67 
4 240 359 209 269.33 2693.33 
5 62 93 109 88 880 
6 50 57 39 48.67 486.67 
7 20 20 22 20.67 206.67 
8 5 8 1 4.67 46.67 
9 12 10 18 13.33 133.33 
10 8 3 1 4 40 
11 14 18 5 12.33 123.33 
12 41 48 41 43.33 433.33 
      
Sample Site tet tet tet average  Tet-R 
1 56 24 46 42 420 
2 31 43 33 35.67 356.67 
3 64 44 68 58.67 586.67 
4 232 138 242 204 2040 
5 409 450 448 435.67 4356.67 
6 56 69 84 69.67 696.67 
7 24 23 22 23 230 
8 18 14 22 18 180 
9 11 18 22 17 170 
10 12 7 9 9.33 93.33 
11 28 26 14 22.67 226.67 
12 38 40 40 39.33 393.33 
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Sample Site vir vir vir average Vir-R 
1 86 114 135 111.67 1116.67 
2 180 175 201 185.33 1853.33 
3 133 211 222 188.67 1886.67 
4 353 306 298 319 3190 
5 512 460 392 454.67 4546.67 
6 552 272 364 396 3960 
7 116 156 84 118.67 1186.67 
8 71 104 79 84.67 846.67 
9 65 71 69 68.33 683.33 
10 28 41 29 32.67 326.67 
11 79 129 114 107.33 1073.33 
12 112 244 240 198.67 1986.67 
 
Collected on 5-31-07     
Water at base flow, beginning feed by water table.  
Sample Site R2A R2A R2A average TCB 
1 278 211 261 250 250000 
2 207 176 232 205 205000 
3 395 228 137 253.33 253333.3 
4 189 204 200 197.67 197666.7 
5 268 186 117 190.33 190333.3 
6 134 167 NA 150.5 150500 
7 52 93 92 79 79000 
8 2152 50 47 749.67 749666.7 
9 40 52 44 45.33 45333.33 
10 32 23 23 26 26000 
11 61 54 64 59.67 59666.67 
12 96 66 74 78.67 78666.67 
      
Sample Site cipro cipro cipro average  Cip-R 
1 21 17 16 18 180 
2 19 14 9 14 140 
3 28 88 89 68.33 683.33 
4 4 9 14 9 90 
5 219 164 116 166.33 1663.33 
6 696 623 528 615.67 6156.67 
7 190 167 175 177.33 1773.33 
8 109 122 82 104.33 1043.33 
9 66 67 67 66.67 666.67 
10 3 0 5 2.67 26.67 
11 44 7 9 20 200 
12 36 44 41 40.33 403.33 
      
Sample Site tet tet tet average  Tet-R 
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1 NA NA NA NA NA 
2 65 35 67 55.67 556.67 
3 110 100 38 82.67 826.67 
4 58 72 63 64.33 643.33 
5 34 34 37 35 350 
6 27 29 20 25.33 253.33 
7 27 22 31 26.67 266.67 
8 20 17 14 17 170 
9 11 9 33 17.67 176.67 
10 8 8 14 10 100 
11 22 13 15 16.67 166.67 
12 37 13 20 23.33 233.33 
      
Sample Site vir vir vir average Vir-R 
1 42 31 26 33 330 
2 39 44 32 38.33 383.33 
3 97 95 56 82.67 826.67 
4 35 31 36 34 340 
5 50 49 102 67 670 
6 50 49 43 47.33 473.33 
7 40 31 78 49.67 496.67 
8 24 31 115 56.67 566.67 
9 6 9 11 8.67 86.67 
10 41 26 22 29.67 296.67 
11 53 34 52 46.33 463.33 
12 45 44 67 52 520 
 
Collected on 7-5-07     
Collected at base flow, river fed from water table. Starting at site 7 not at base flow, muddy and 
high from tributary. 
Sample Site R2A R2A R2A average TCB 
1 256.00 327.00 306.00 296.33 296333.33 
2 383.00 443.00 457.00 427.67 427666.67 
3 345.00 568.00 626.00 513.00 513000.00 
4 260.00 274.00 271.00 268.33 268333.33 
5 152.00 162.00 142.00 152.00 152000.00 
6 214.00 172.00 256.00 214.00 214000.00 
7 210.00 148.00 292.00 216.67 216666.67 
8 612.00 632.00 604.00 616.00 616000.00 
9 407.00 487.00 518.00 470.67 470666.67 
10 166.00 376.00 176.00 239.33 239333.33 
11 223.00 195.00 215.00 211.00 211000.00 
12 335.00 341.00 279.00 318.33 318333.33 
      
Sample Site cipro cipro cipro average  Cip-R 
1 173.00 205.00 195.00 191.00 1910.00 
2 291.00 60.00 81.00 144.00 1440.00 
3 47.00 70.00 36.00 51.00 510.00 
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4 53.00 179.00 230.00 154.00 1540.00 
5 253.00 109.00 165.00 175.67 1756.67 
6 802.00 823.00 606.00 743.67 7436.67 
7 617.00 668.00 652.00 645.67 6456.67 
8 1396.00 1328.00 1884.00 1536.00 15360.00 
9 1232.00 1136.00 1500.00 1289.33 12893.33 
10 173.00 123.00 104.00 133.33 1333.33 
11 202.00 166.00 207.00 191.67 1916.67 
12 516.00 612.00 564.00 564.00 5640.00 
      
Sample Site tet tet tet average  Tet-R 
1 25.00 26.00 21.00 24.00 240.00 
2 35.00 73.00 125.00 77.67 776.67 
3 120.00 140.00 144.00 134.67 1346.67 
4 58.00 92.00 80.00 76.67 766.67 
5 43.00 27.00 45.00 38.33 383.33 
6 7.00 26.00 38.00 23.67 236.67 
7 134.00 101.00 135.00 123.33 1233.33 
8 852.00 928.00 120.00 633.33 6333.33 
9 1084.00 636.00 884.00 868.00 8680.00 
10 212.00 317.00 249.00 259.33 2593.33 
11 408.00 364.00 388.00 386.67 3866.67 
12 460.00 520.00 520.00 500.00 5000.00 
      
Sample Site vir vir vir average Vir-R 
1 99.00 73.00 91.00 87.67 876.67 
2 68.00 158.00 202.00 142.67 1426.67 
3 114.00 103.00 117.00 111.33 1113.33 
4 87.00 102.00 129.00 106.00 1060.00 
5 65.00 75.00 122.00 87.33 873.33 
6 80.00 62.00 101.00 81.00 810.00 
7 236.00 207.00 255.00 232.67 2326.67 
8 1460.00 1712.00 1548.00 1573.33 15733.33 
9 1936.00 907.00 1096.00 1313.00 13130.00 
10 460.00 252.00 236.00 316.00 3160.00 
11 556.00 500.00 596.00 550.67 5506.67 
12 660.00 708.00 608.00 658.67 6586.67 
 
Collected on 8-2-07     
Water at base flow; starting at site 3, water extremely muddy. 
Sample 
Site R2A R2A R2A average TCB 
1 100.00 124.00 128.00 117.33 117333.33 
2 260.00 285.00 120.00 221.67 221666.67 
3 298.00 275.00 197.00 256.67 256666.67 
4 247.00 354.00 258.00 286.33 286333.33 
5 76.00 121.00 188.00 128.33 128333.33 
6 164.00 236.00 237.00 212.33 212333.33 
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7 211.00 130.00 201.00 180.67 180666.67 
8 64.00 47.00 130.00 80.33 80333.33 
9 63.00 78.00 60.00 67.00 67000.00 
10 155.00 143.00 105.00 134.33 134333.33 
11 131.00 120.00 130.00 127.00 127000.00 
12 70.00 145.00 110.00 108.33 108333.33 
      
Sample 
Site cipro cipro cipro average  Cip-R 
1 13.00 5.00 13.00 10.33 103.33 
2 20.00 13.00 27.00 20.00 200.00 
3 20.00 32.00 274.00 108.67 1086.67 
4 355.00 451.00 585.00 463.67 4636.67 
5 392.00 270.00 466.00 376.00 3760.00 
6 159.00 204.00 539.00 300.67 3006.67 
7 4.00 152.00 285.00 147.00 1470.00 
8 42.00 39.00 28.00 36.33 363.33 
9 32.00 31.00 30.00 31.00 310.00 
10 41.00 47.00 49.00 45.67 456.67 
11 134.00 69.00 103.00 102.00 1020.00 
12 167.00 103.00 200.00 156.67 1566.67 
      
Sample 
Site tet tet tet average  Tet-R 
1 9.00 15.00 9.00 11.00 110.00 
2 14.00 12.00 15.00 13.67 136.67 
3 9.00 20.00 20.00 16.33 163.33 
4 20.00 25.00 35.00 26.67 266.67 
5 20.00 26.00 15.00 20.33 203.33 
6 17.00 19.00 4.00 13.33 133.33 
7 9.00 19.00 21.00 16.33 163.33 
8 29.00 44.00 32.00 35.00 350.00 
9 27.00 25.00 29.00 27.00 270.00 
10 17.00 31.00 29.00 25.67 256.67 
11 27.00 20.00 14.00 20.33 203.33 
12 29.00 23.00 14.00 22.00 220.00 
      
Sample 
Site vir vir vir average Vir-R 
1 14.00 28.00 31.00 24.33 243.33 
2 16.00 18.00 23.00 19.00 190.00 
3 23.00 22.00 42.00 29.00 290.00 
4 80.00 94.00 94.00 89.33 893.33 
5 78.00 69.00 77.00 74.67 746.67 
6 22.00 20.00 16.00 19.33 193.33 
7 43.00 49.00 58.00 50.00 500.00 
8 27.00 42.00 29.00 32.67 326.67 
9 73.00 64.00 44.00 60.33 603.33 
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10 107.00 70.00 NA 88.50 885.00 
11 35.00 36.00 47.00 39.33 393.33 
12 37.00 37.00 50.00 41.33 413.33 
 
Collected on 9-7-07     
Water at base flow (lowest flow of samplings)  
Sample 
Site R2A R2A R2A average TCB 
1 346.00 376.00 249.00 323.67 323666.67 
2 413.00 400.00 392.00 401.67 401666.67 
3 127.00 256.00 119.00 167.33 167333.33 
4 952.00 648.00 608.00 736.00 736000.00 
5 388.00 336.00 292.00 338.67 338666.67 
6 170.00 213.00 302.00 228.33 228333.33 
7 136.00 132.00 195.00 154.33 154333.33 
8 132.00 64.00 29.00 75.00 75000.00 
9 263.00 256.00 315.00 278.00 278000.00 
10 109.00 81.00 153.00 114.33 114333.33 
11 na na na na na 
12 126.00 96.00 82.00 101.33 101333.33 
      
Sample 
Site cipro cipro cipro average  Cip-R 
1 38.00 27.00 36.00 33.67 3366.67 
2 39.00 44.00 40.00 41.00 4100.00 
3 56.00 55.00 35.00 48.67 4866.67 
4 159.00 53.00 11.00 74.33 7433.33 
5 27.00 30.00 25.00 27.33 2733.33 
6 56.00 35.00 50.00 47.00 4700.00 
7 99.00 97.00 100.00 98.67 9866.67 
8 60.00 24.00 25.00 36.33 3633.33 
9 13.00 10.00 15.00 12.67 1266.67 
10 2.00 0.00 3.00 1.67 166.67 
11 33.00 0.00 49.00 27.33 2733.33 
12 7.00 17.00 5.00 9.67 966.67 
      
Sample 
Site tet tet tet average  Tet-R 
1 12.00 11.00 13.00 12.00 1200.00 
2 36.00 18.00 8.00 20.67 2066.67 
3 46.00 41.00 29.00 38.67 3866.67 
4 25.00 11.00 22.00 19.33 1933.33 
5 15.00 12.00 12.00 13.00 1300.00 
6 12.00 15.00 12.00 13.00 1300.00 
7 18.00 16.00 7.00 13.67 1366.67 
8 44.00 74.00 52.00 56.67 5666.67 
9 9.00 13.00 22.00 14.67 1466.67 
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10 6.00 17.00 4.00 9.00 900.00 
11 33.00 11.00 22.00 22.00 2200.00 
12 27.00 20.00 18.00 21.67 2166.67 
      
Sample 
Site vir vir vir average Vir-R 
1 20.00 17.00 12.00 16.33 1633.33 
2 20.00 15.00 20.00 18.33 1833.33 
3 52.00 44.00 54.00 50.00 5000.00 
4 53.00 31.00 30.00 38.00 3800.00 
5 33.00 39.00 38.00 36.67 3666.67 
6 34.00 36.00 33.00 34.33 3433.33 
7 49.00 49.00 49.00 49.00 4900.00 
8 103.00 86.00 107.00 98.67 9866.67 
9 24.00 76.00 62.00 54.00 5400.00 
10 13.00 12.00 18.00 14.33 1433.33 
11 107.00 42.00 61.00 70.00 7000.00 
12 32.00 25.00 39.00 32.00 3200.00 
 
Collected on 10-20-07    
Continued low flow ( light rain week beforehand)  
Sample Site R2A R2A R2A average TCB 
1 214.00 197.00 206.00 205.67 20566.67 
2 532.00 532.00 457.00 507.00 50700.00 
3 115.00 177.00 73.00 121.67 12166.67 
4 97.00 162.00 157.00 138.67 13866.67 
5 138.00 149.00 150.00 145.67 14566.67 
6 512.00 500.00 360.00 457.33 45733.33 
7 403.00 302.00 325.00 343.33 34333.33 
8 305.00 220.00 320.00 281.67 28166.67 
9 286.00 415.00 316.00 339.00 33900.00 
10 226.00 160.00 219.00 201.67 20166.67 
11 252.00 232.00 368.00 284.00 28400.00 
12 153.00 128.00 128.00 136.33 13633.33 
      
Sample Site cipro cipro cipro average  Cip-R 
1 95.00 75.00 93.00 87.67 8800.00 
2 42.00 45.00 57.00 48.00 4866.67 
3 20.00 23.00 22.00 21.67 2066.67 
4 28.00 29.00 9.00 22.00 466.67 
5 21.00 60.00 68.00 49.67 1333.33 
6 90.00 77.00 68.00 78.33 400.00 
7 103.00 111.00 120.00 111.33 1233.33 
8 301.00 295.00 309.00 301.67 4333.33 
9 126.00 122.00 120.00 122.67 0.00 
10 17.00 12.00 9.00 12.67 0.00 
11 40.00 97.00 79.00 72.00 0.00 
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12 38.00 40.00 78.00 52.00 5200.00 
      
Sample Site tet tet tet average  Tet-R 
1 1.00 7.00 1.00 3.00 300.00 
2 9.00 9.00 6.00 8.00 800.00 
3 2.00 4.00 2.00 2.67 266.67 
4 1.00 4.00 4.00 3.00 300.00 
5 1.00 4.00 1.00 2.00 200.00 
6 5.00 6.00 2.00 4.33 433.33 
7 4.00 6.00 6.00 5.33 533.33 
8 26.00 22.00 35.00 27.67 2766.67 
9 5.00 9.00 3.00 5.67 566.67 
10 4.00 4.00 2.00 3.33 333.33 
11 16.00 4.00 13.00 11.00 1100.00 
12 16.00 0.00 10.00 8.67 866.67 
      
Sample Site vir vir vir average Vir-R 
1 57.00 69.00 59.00 61.67 6166.67 
2 81.00 91.00 61.00 77.67 7766.67 
3 49.00 37.00 53.00 46.33 4633.33 
4 30.00 66.00 41.00 45.67 4566.67 
5 5.00 11.00 5.00 7.00 700.00 
6 6.00 8.00 9.00 7.67 766.67 
7 43.00 66.00 316.00 141.67 14166.67 
8 141.00 148.00 125.00 138.00 13800.00 
9 61.00 50.00 63.00 58.00 5800.00 
10 14.00 34.00 43.00 30.33 3033.33 
11 172.00 174.00 172.00 172.67 17266.67 
12 28.00 31.00 32.00 30.33 3033.33 
 
Appendix I 
Idexx Quanti Tray Method Coliform/E.coli MPN Counts 
TC – total coliforms 
Ec – E. coli 
Cip-R – CFU’s of ciprofloxacin resistant bacteria per ml 
Tet-R – CFU’s of tetracycline resistant bacteria per ml 
Vir-R – CFU’s of virginiamycin resistant bacteria per ml 
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Collected on 4-27-07     
Collected after water crested after rain event.  
 Sample Site Total Coliforms TC/ml E. coli Ec/ml 
 1 187.2 1.872 108.1 1.081 
 2 >2500 >25 >2500 >25 
 3 >2500 >25 >2500 >25 
 4 >2500 >25 >2500 >25 
 5 >2500 >25 >2500 >25 
 6 >2500 >25 365.4 3.654 
 7 >2500 >25 86.2 0.862 
 8 >2500 >25 44.8 0.448 
 9 >2500 >25 79.8 0.798 
 10 >2500 >25 42.2 0.422 
 11 >2500 >25 65 0.65 
 12 >2500 >25 96 0.96 
      
 Sample Site Total Coliforms cipro TC Cip-R/ml E. coli cipro Ec Cip-R/ml 
 1 3.1 0.031 1 0.01 
 2 1732.9 17.329 517.2 5.172 
 3 2500 25 2500 25 
 4 123.6 1.236 78.9 0.789 
 5 90.8 0.908 40.8 0.408 
 6 44.8 0.448 23.1 0.231 
 7 5.2 0.052 4.1 0.041 
 8 0 0 0 0 
 9 1 0.01 0 0 
 10 0 0 0 0 
 11 0 0 0 0 
 12 0 0 0 0 
      
 Sample Site Total Coliforms tet TC Tet-R/ml E. coli tet Ec Tet-R/ml 
 1 365.4 3.654 25 0.25 
 2 >2500 >25 2419.6 24.196 
 3 >2500 >25 >2500 >25 
 4 2419.6 24.196 108.6 1.086 
 5 1553.1 15.531 73.8 0.738 
 6 387.3 3.873 90.8 0.908 
 7 156.5 1.565 21.8 0.218 
 8 93.2 0.932 9.8 0.098 
 9 70.3 0.703 14.3 0.143 
 10 6.3 0.063 1 0.01 
 11 105 1.05 0 0 
 12 18.7 0.187 5.2 0.052 
      
 Sample Site Total Coliforms vir TC Vir-R/ml E. coli vir Ec Vir-R/ml 
 1 >2500 >25 42.8 0.428 
 2 >2500 >25 >2500 >25 
 3 >2500 >25 >2500 >25 
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 4 >2500 >25 866.4 8.664 
 5 >2500 >25 387.3 3.873 
 6 >2500 >25 68.9 0.689 
 7 >2500 >25 41.4 0.414 
 8 >2500 >25 36.8 0.368 
 9 >2500 >25 42.5 0.425 
 10 1413.6 14.136 32.3 0.323 
 11 >2500 >25 35.5 0.355 
 12 >2500 >25 38.8 0.388 
 
 
Collected on 5-31-07     
Water at base flow, beginning feed by water table.  
 Sample Site Total Coliforms TC/ml E. coli Ec/ml 
 1 >2500 >25 613.1 6.131 
 2 >2500 >25 980.4 9.804 
 3 >2500 >25 980.4 9.804 
 4 >2500 >25 727 7.27 
 5 >2500 >25 410.6 4.106 
 6 >2500 >25 70.5 0.705 
 7 >2500 >25 517.2 5.172 
 8 >2500 >25 141.4 1.414 
 9 >2500 >25 64.5 0.645 
 10 >2500 >25 60.5 0.605 
 11 >2500 >25 131.4 1.314 
 12 2419.6 24.196 156.5 1.565 
      
 Sample Site Total Coliforms cipro TC Cip-R/ml E. coli cipro Ec Cip-R/ml 
 1 1 0.01 1 0.01 
 2 2419.6 24.196 1046.2 10.462 
 3 14.8 0.148 1 0.01 
 4 18.3 0.183 5.2 0.052 
 5 24.1 0.241 10.9 0.109 
 6 0 0 0 0 
 7 0 0 0 0 
 8 0 0 0 0 
 9 0 0 0 0 
 10 0 0 0 0 
 11 0 0 0 0 
 12 2 0.02 2 0.02 
      
 Sample Site Total Coliforms tet TC Tet-R/ml E. coli tet Ec Tet-R/ml 
 1 31.4 0.314 5.2 0.052 
 2 151 1.51 12.1 0.121 
 3 88 0.88 7.5 0.075 
 4 344.8 3.448 34.5 0.345 
 5 151.5 1.515 30.5 0.305 
 6 27.2 0.272 2 0.02 
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 7 17.5 0.175 6.3 0.063 
 8 18.9 0.189 5.2 0.052 
 9 14.8 0.148 3.1 0.031 
 10 0 0 0 0 
 11 3.1 0.031 2 0.02 
 12 20.3 0.203 9.8 0.098 
      
 Sample Site Total Coliforms vir TC Vir-R/ml E. coli vir Ec Vir-R/ml 
 1 1732.9 17.329 290.9 2.909 
 2 17.3 0.173 1 0.01 
 3 >2500 >25 613.1 6.131 
 4 >2500 >25 344.8 3.448 
 5 >2500 >25 290.9 2.909 
 6 1553.1 15.531 76.8 0.768 
 7 1732.9 17.329 435.2 4.352 
 8 1553.1 15.531 129.1 1.291 
 9 920.8 9.208 86.2 0.862 
 10 365.4 3.654 30.1 0.301 
 11 1553.1 15.531 76.3 0.763 
 12 2419.6 24.196 117.8 1.178 
 
 
Collected on 7-5-07     
Collected at base flow, river fed from water table. Starting at site 7 not at base flow, muddy and high 
from tributary. 
 Sample Site Total Coliforms TC/ml E. coli Ec/ml 
 1 >2500 >25 365.4 3.654 
 2 >2500 >25 866.4 8.664 
 3 >2500 >25 >2500 >25 
 4 >2500 >25 920.8 9.208 
 5 >2500 >25 248.2 2.482 
 6 >2500 >25 517.2 5.172 
 7 >2500 >25 1203.3 12.033 
 8 >2500 >25 2500 >25 
 9 >2500 >25 2500 >25 
 10 >2500 >25 1299.7 12.997 
 11 >2500 >25 >2500 >25 
 12 >2500 >25 >2500 >25 
      
 Sample Site Total Coliforms cipro TC Cip-R/ml E. coli cipro Ec Cip-R/ml 
 1 0 0 0 0 
 2 7.4 0.074 4.1 0.041 
 3 4.1 0.041 2 0.02 
 4 48 0.48 16.9 0.169 
 5 12 0.12 4.1 0.041 
 6 0 0 0 0 
 7 0 0 0 0 
 8 14.1 0.141 3.1 0.031 
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 9 325.5 3.255 69.5 0.695 
 10 1 0.01 0 0 
 11 3.1 0.031 2 0.02 
 12 9.8 0.098 2 0.02 
      
 Sample Site Total Coliforms tet TC Tet-R/ml E. coli tet Ec Tet-R/ml 
 1 14.6 0.146 86.2 0.862 
 2 488.4 4.884 95.9 0.959 
 3 488.4 4.884 435.2 4.352 
 4 488.4 4.884 131.7 1.317 
 5 36.4 0.364 8.5 0.085 
 6 71.7 0.717 49.5 0.495 
 7 162.4 1.624 65 0.65 
 8 488.4 4.884 325.5 3.255 
 9 2500 25 866.4 8.664 
 10 71.7 0.717 42 0.42 
 11 105 1.05 49.5 0.495 
 12 307.6 3.076 156.5 1.565 
      
 Sample Site Total Coliforms vir TC Vir-R/ml E. coli vir Ec Vir-R/ml 
 1 2419.6 24.196 344.8 3.448 
 2 >2500 >25 1119.9 11.199 
 3 >2500 >25 1553.1 15.531 
 4 >2500 >25 816.4 8.164 
 5 NA NA NA NA 
 6 >2500 >25 248.9 2.489 
 7 2419.6 24.196 517.2 5.172 
 8 >2500 >25 >2500 >25 
 9 >2500 >25 >2500 >25 
 10 >2500 >25 648.8 6.488 
 11 >2500 >25 1119.9 11.199 
 12 >2500 >25 1732.9 17.329 
 
 
Collected on 8-2-07     
Water at base flow; starting at site 3, water extremely muddy. 
 Sample Site Total Coliforms TC/ml E. coli Ec/ml 
 1 >2500 >25 NA NA 
 2 1732.9 17.329 121.2 1.212 
 3 >2500 >25 1046.2 10.462 
 4 >2500 >25 648.8 6.488 
 5 >2500 >25 727 7.27 
 6 >2500 >25 261.3 2.613 
 7 >2500 >25 238.2 2.382 
 8 >2500 >25 2500 25 
 9 >2500 >25 365.4 3.654 
 10 >2500 >25 36.4 0.364 
 11 >2500 >25 218.7 2.187 
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 12 >2500 >25 206.4 2.064 
      
  Total Coliforms cipro TC Cip-R/ml E. coli cipro Ec Cip-R/ml 
 1 4.1 0.041 4.1 0.041 
 2 0 0 0 0 
 3 2 0.02 2 0.02 
 4 13.4 0.134 12.1 0.121 
 5 3.1 0.031 3.1 0.031 
 6 1 0.01 0 0 
 7 1 0.01 0 0 
 8 0 0 0 0 
 9 7.4 0.074 0 0 
 10 2 0.02 0 0 
 11 0 0 0 0 
 12 6.2 0.062 4.1 0.041 
      
  Total Coliforms tet TC Tet-R/ml E. coli tet Ec Tet-R/ml 
 1 39.1 0.391 5.2 0.052 
 2 54.6 0.546 12.2 0.122 
 3 184.2 1.842 12.2 0.122 
 4 151.4 1.514 16 0.16 
 5 108.1 1.081 13.5 0.135 
 6 84.5 0.845 32.7 0.327 
 7 91.1 0.911 10.9 0.109 
 8 73.3 0.733 19.7 0.197 
 9 64.4 0.644 16.1 0.161 
 10 73.8 0.738 7.2 0.072 
 11 63.1 0.631 2 0.02 
 12 59.1 0.591 8.5 0.085 
      
  Total Coliforms vir TC Vir-R/ml E. coli vir Ec Vir-R/ml 
 1 1413.6 14.136 75.4 0.754 
 2 >2500 >25 770.1 7.701 
 3 >2500 >25 770.1 7.701 
 4 >2500 >25 290.9 2.909 
 5 >2500 >25 105 1.05 
 6 1732.9 17.329 60.2 0.602 
 7 >2500 >25 240 2.4 
 8 >2500 >25 >2500 >25 
 9 >2500 >25 62.7 0.627 
 10 >2500 >25 47.5 0.475 
 11 2419.6 24.196 114.5 1.145 
 12 483.3 4.833 30.1 0.301 
 
 
Collected on 9-7-07     
Water at base flow (lowest flow of samplings)  
 Sample Site Total Coliforms TC/ml E. coli Ec/ml 
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 1 >2500 >25 290.9 2.909 
 2 >2500 >25 142.1 1.421 
 3 >2500 >25 166.4 1.664 
 4 >2500 >25 51.2 0.512 
 5 >2500 >25 28.8 0.288 
 6 >2500 >25 31.5 0.315 
 7 >2500 >25 249.5 2.495 
 8 >2500 >25 177.7 1.777 
 9 >2500 >25 133.6 1.336 
 10 >2500 >25 186.27 1.8627 
 11 >2500 >25 30.1 0.301 
 12 >2500 >25 214.2 2.142 
      
 Sample Site Total Coliforms cipro TC Cip-R/ml E. coli cipro Ec Cip-R/ml 
 1 0 0 0 0 
 2 0 0 0 0 
 3 0 0 0 0 
 4 1 0.01 0 0 
 5 2 0.02 0 0 
 6 0 0 0 0 
 7 0 0 0 0 
 8 2 0.02 0 0 
 9 0 0 0 0 
 10 0 0 0 0 
 11 0 0 0 0 
 12 12.2 0.122 7.5 0.075 
      
 Sample Site Total Coliforms tet TC Tet-R/ml E. coli tet Ec Tet-R/ml 
 1 8.6 0.086 2 0.02 
 2 28.8 0.288 3.1 0.031 
 3 187.2 1.872 0 0 
 4 24.6 0.246 12.2 0.122 
 5 8.5 0.085 0 0 
 6 5.2 0.052 2 0.02 
 7 24.1 0.241 18.3 0.183 
 8 70.3 0.703 2 0.02 
 9 37.3 0.373 4.1 0.041 
 10 1732.9 17.329 1732.9 17.329 
 11 2 0.02 0 0 
 12 42.2 0.422 9.6 0.096 
      
 Sample Site Total Coliforms vir TC Vir-R/ml E. coli vir Ec Vir-R/ml 
 1 1299.7 12.997 261.3 2.613 
 2 >2500 >25 141.4 1.414 
 3 >2500 >25 113 1.13 
 4 2419.6 24.196 59.1 0.591 
 5 1203.3 12.033 25.9 0.259 
 6 >2500 >25 90.8 0.908 
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 7 1413.6 14.136 172.6 1.726 
 8 >2500 >25 51.2 0.512 
 9 2419.6 24.196 116.9 1.169 
 10 >2500 >25 1732.9 17.329 
 11 260.3 2.603 25.3 0.253 
 12 1986.3 19.863 113 1.13 
 
 
Collected on 10-20-07    
Continued low flow ( light rain week beforehand)  
 
Sample 
Site Total Coliforms TC/ml E. coli Ec/ml 
 1 >2500 >25 >2500 >25 
 2 >2500 >25 214.3 2.143 
 3 >2500 >25 >2500 >25 
 4 >2500 >25 54.5 0.545 
 5 >2500 >25 29.2 0.292 
 6 >2500 >25 61.3 0.613 
 7 >2500 >25 866.4 8.664 
 8 >2500 >25 866.4 8.664 
 9 >2500 >25 290.9 2.909 
 10 >2500 >25 >2500 >25 
 11 >2500 >25 166.4 1.664 
 12 2419.6 24.196 166.4 1.664 
      
  Total Coliforms cipro TC Cip-R/ml E. coli cipro Ec Cip-R/ml 
 1 0 0 193.5 1.935 
 2 3.1 0.031 0 0 
 3 0 0 0 0 
 4 1 0.01 0 0 
 5 0 0 0 0 
 6 0 0 0 0 
 7 0 0 0 0 
 8 0 0 0 0 
 9 1 0.01 0 0 
 10 0 0 0 0 
 11 1 0.01 0 0 
 12 66.9 0.669 0 0 
      
  Total Coliforms tet TC Tet-R/ml E. coli tet Ec Tet-R/ml 
 1 19.5 0.195 1 0.01 
 2 248.1 2.481 5.2 0.052 
 3 52.9 0.529 3 0.03 
 4 63.1 0.631 0 0 
 5 6.3 0.063 0 0 
 6 2 0.02 0 0 
 7 18.7 0.187 0 0 
 8 41.4 0.414 30.5 0.305 
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 9 2 0.02 0 0 
 10 98.8 0.988 30.9 0.309 
 11 19.5 0.195 2 0.02 
 12 7.5 0.075 4.1 0.041 
      
  Total Coliforms vir TC Vir-R/ml E. coli vir Ec Vir-R/ml 
 1 >2500 >25 160.7 1.607 
 2 >2500 >25 104.3 1.043 
 3 >2500 >25 74.8 0.748 
 4 >2500 >25 23.3 0.233 
 5 >2500 >25 12.2 0.122 
 6 >2500 >25 39.3 0.393 
 7 >2500 >25 727 7.27 
 8 >2500 >25 231 2.31 
 9 >2500 >25 166.4 1.664 
 10 >2500 >25 2500 25 
 11 >2500 >25 35.9 0.359 
 12 >2500 >25 105 1.05 
 
Appendix J 
AAS results of Cd, Se, and Pb ppb concentrations in sediments 
 
site(date) Cd ppb 
% standard 
deviation ppb*%SD 
SD low 
end 
SD high 
end 
2(4/2707) 185.6 39.60% 73.4976 112.1024 259.0976 
4(4/27/07) 100.8 54.20% 54.6336 46.1664 155.4336 
11(4/27/07) 425.6 14.90% 63.4144 362.1856 489.0144 
1(5/31/07) 219.4 5.10% 11.1894 208.2106 230.5894 
6(5/31/07) 261.2 7.90% 20.6348 240.5652 281.8348 
8(7/5/07) 293 60.00% 175.8 117.2 468.8 
9(7/5/07) 295 14.80% 43.66 251.34 338.66 
4(9/7/07) 111.8 11.90% 13.3042 98.4958 125.1042 
11(9/7/07) 450.2 2.40% 10.8048 439.3952 461.0048 
12(9/7/07) 153.8 10% 15.38 138.42 169.18 
      
      
site(date) Se ppb 
% standard 
deviation ppb*%SD 
SD low 
end 
SD high 
end 
2(4/2707) 2048 5.90% 120.832 1927.168 2168.832 
4(4/27/07) 1942 66.10% 1283.662 658.338 3225.662 
11(4/27/07) 416 5.90% 24.544 391.456 440.544 
1(5/31/07) 1224 29.10% 356.184 867.816 1580.184 
6(5/31/07) 240 17.90% 42.96 197.04 282.96 
8(7/5/07) 1206 8% 96.48 1109.52 1302.48 
9(7/5/07) 988 30.10% 297.388 690.612 1285.388 
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4(9/7/07) 1124 12.50% 140.5 983.5 1264.5 
11(9/7/07) 854 36.30% 310.002 543.998 1164.002 
12(9/7/07) 1482 11.60% 171.912 1310.088 1653.912 
      
      
site(date) Pb ppb 
% standard 
deviation ppb*%SD 
SD low 
end 
SD high 
end 
2(4/2707) 6318 0% 0 6318 6318 
4(4/27/07) 3352 0% 0 3352 3352 
11(4/27/07) 8232 0% 0 8232 8232 
1(5/31/07) 22174 3.30% 731.742 21442.26 22905.74 
6(5/31/07) 22224 4.20% 933.408 21290.59 23157.41 
8(7/5/07) 29456 5.90% 1737.904 27718.1 31193.9 
9(7/5/07) 4742 0.00% 0 4742 4742 
4(9/7/07) 4204 0% 0 4204 4204 
11(9/7/07) 7228 0.40% 28.912 7199.088 7256.912 
12(9/7/07) 3728 0% 0 3728 3728 
 
Appendix K 
Precipitation in in. Gathered by a Weather Source Station Located in Hamlin, WV. 
Date 
Precipitation in 
in. 
4/1/2007 0.61 
4/2/2007 0.17 
4/3/2007 0 
4/4/2007 0.31 
4/5/2007 0 
4/6/2007 0 
4/7/2007 0.21 
4/8/2007 NA 
4/9/2007 0 
4/10/2007 0 
4/11/2007 0 
4/12/2007 0.44 
4/13/2007 0.01 
4/14/2007 0.02 
4/15/2007 1.82 
4/16/2007 0.13 
4/17/2007 0 
4/18/2007 0 
4/19/2007 0 
4/20/2007 0.05 
4/21/2007 0 
4/22/2007 0 
4/23/2007 0 
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4/24/2007 0.05 
4/25/2007 0 
4/26/2007 0 
4/27/2007 0.31 
4/28/2007 0 
4/29/2007 0.34 
4/30/2007 0 
5/1/2007 0 
5/2/2007 0 
5/3/2007 0.03 
5/4/2007 0.53 
5/5/2007 0 
5/6/2007 0.05 
5/7/2007 0 
5/8/2007 0 
5/9/2007 0 
5/10/2007 0 
5/11/2007 0 
5/12/2007 0 
5/13/2007 0 
5/14/2007 0 
5/15/2007 0 
5/16/2007 0 
5/17/2007 0.87 
5/18/2007 0.59 
5/19/2007 0.08 
5/20/2007 0 
5/21/2007 0 
5/22/2007 0 
5/23/2007 0 
5/24/2007 0 
5/25/2007 0 
5/26/2007 0 
5/27/2007 0 
5/28/2007 0 
5/29/2007 0 
5/30/2007 0 
5/31/2007 0 
6/1/2007 0 
6/2/2007 0 
6/3/2007 0 
6/4/2007 0 
6/5/2007 0.39 
6/6/2007 0.07 
6/7/2007 0 
6/8/2007 0 
6/9/2007 0.1 
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6/10/2007 0 
6/11/2007 0 
6/12/2007 0 
6/13/2007 0 
6/14/2007 0.22 
6/15/2007 0 
6/16/2007 0 
6/17/2007 0 
6/18/2007 0 
6/19/2007 0 
6/20/2007 0.07 
6/21/2007 0 
6/22/2007 0 
6/23/2007 0.07 
6/24/2007 0 
6/25/2007 0.02 
6/26/2007 0 
6/27/2007 0 
6/28/2007 0.22 
6/29/2007 0.21 
6/30/2007 0.13 
7/1/2007 0 
7/2/2007 0 
7/3/2007 0 
7/4/2007 0 
7/5/2007 0.35 
7/6/2007 Na 
7/7/2007 0 
7/8/2007 0 
7/9/2007 0 
7/10/2007 0 
7/11/2007 0.17 
7/12/2007 0.22 
7/13/2007 0 
7/14/2007 0 
7/15/2007 0 
7/16/2007 0.09 
7/17/2007 0 
7/18/2007 NA 
7/19/2007 0.11 
7/20/2007 1.58 
7/21/2007 0 
7/22/2007 0 
7/23/2007 0 
7/24/2007 0 
7/25/2007 0.02 
7/26/2007 NA 
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7/27/2007 0.5 
7/28/2007 0.39 
7/29/2007 NA 
7/30/2007 0 
7/31/2007 0 
8/1/2007 0 
8/2/2007 0 
8/3/2007 0 
8/4/2007 0 
8/5/2007 0 
8/6/2007 0.61 
8/7/2007 0.03 
8/8/2007 NA 
8/9/2007 0 
8/10/2007 0.07 
8/11/2007 NA 
8/12/2007 0 
8/13/2007 0 
8/14/2007 0 
8/15/2007 0 
8/16/2007 0 
8/17/2007 0.58 
8/18/2007 0 
8/19/2007 0 
8/20/2007 0.69 
8/21/2007 0.01 
8/22/2007 0.11 
8/23/2007 0 
8/24/2007 0 
8/25/2007 0 
8/26/2007 0 
8/27/2007 0 
8/28/2007 0 
8/29/2007 0 
8/30/2007 0 
8/31/2007 0.28 
9/1/2007 0.03 
9/2/2007 0 
9/3/2007 0 
9/4/2007 0 
9/5/2007 0 
9/6/2007 0 
9/7/2007 0 
9/8/2007 0 
9/9/2007 0 
9/10/2007 0 
9/11/2007 0.9 
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9/12/2007 0.25 
9/13/2007 0 
9/14/2007 0 
9/15/2007 0 
9/16/2007 0 
9/17/2007 0 
9/18/2007 0 
9/19/2007 0 
9/20/2007 0 
9/21/2007 0 
9/22/2007 0 
9/23/2007 0 
9/24/2007 0 
9/25/2007 0 
9/26/2007 0 
9/27/2007 0.15 
9/28/2007 0.16 
9/29/2007 0 
9/30/2007 0 
10/1/2007 0 
10/2/2007 0 
10/3/2007 0 
10/4/2007 NA 
10/5/2007 0 
10/6/2007 0 
10/7/2007 0 
10/8/2007 0 
10/9/2007 0 
10/10/2007 0.35 
10/11/2007 0 
10/12/2007 NA 
10/13/2007 0 
10/14/2007 0 
10/15/2007 0 
10/16/2007 0 
10/17/2007 0.22 
10/18/2007 0.07 
10/19/2007 0.08 
10/20/2007 0.12 
10/21/2007 0 
 
Appendix L 
Percent of accuracy along each axis of Canoco 4.5 for given data sets, showing the 
percent accuracy in correlations across the 2 dimensional quadrant 
data sets 
% correlation 
between species 
% correlation 
between species 
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and environmental 
vectors alone X 
axis 
and 
environmental 
vectors alone Y 
axis 
Site/Land Use 88.5 95.8 
4/27/2007 Bacterial 
Samples 78.8 92.7 
5/31/2007 Bacterial 
Samples 86 96.6 
Metal Samples 70.9 99 
Month/Bacteria Comparison 85.3 97.1 
Month/Site Comparison 67 100 
 
 
Appendix M 
 
SOP for Calibration of Hydrolab Quanta 
Louisiana Department of Environmental Quality 
Office of Environmental Compliance 
Surveillance Division 
12/22/03 
 
Visual Inspection 
A thorough visual inspection of the sensors and the overall meter prior to 
calibration and use helps ensure that accurate and reproducible data are 
collected. 
1. Check the meter to ensure that sensors are intact and appear 
functional. 
2. Check each sensor to ensure that there is no corrosion or build up 
of biological growth, dirt, or debris. 
3. Check the Dissolved Oxygen (DO) membrane for wrinkles, tears, 
bubbles under the membrane or other visible problems. 
4. Resolve any problems encountered prior to calibration and use of 
the transmitter. This may include cleaning one or more of the 
sensors. 
Specific Conductance (Conductivity) Sensor 
The Hydrolab Quanta uses four graphite electrode cell methodology. The 
graphite electrodes will not corrode. The open cell design is fast and easy to 
clean without damaging the electrodes. Air bubbles and sediment do not affect 
the sensor. There is no longer a removable cell block. The maintenance 
procedure for the sensor is as follows: 
1. Clean the oval measurement cell on the specific conductance 
sensor with a small, non-abrasive brush or cotton swab. Soap or 
rubbing alcohol may be used to remove grease, oil, or biological 
material. 
2. Rinse with water. 
If the response of the sensor is not acceptable after maintenance, contact the 
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authorized Hydrolab Service Center for repair or replacement. 
pH sensor 
The pH sensor consists of a glass pH electrode and a reference electrode. The 
pH glass electrode requires maintenance (cleaning) when it is coated with oil, 
sediment, or biological growth. Slow response or non-reproducible 
measurements are signs that the electrode has become coated or clogged. 
Maintenance of the reference electrode involves replacing the electrolyte. If 
possible, let the electrodes re-equilibrate overnight in tap water after being 
cleaned. 
Glass pH electrode 
1. Clean the glass with a very clean, soft, non-scratching cloth (cotton ball) 
wet with rubbing alcohol. 
2. Rinse with tap water. 
3. If response is not restored, continue with procedure. 
4. Rinse with methanol to remove any film on the glass and restore the 
speed of response. 
5. If the methanol rinse does not restore the response, soak the electrode in 
0.1 Molar HCI for five minutes. 
6. Remove and rinse the electrode with water. 
7. Soak the electrode in pH standard for 10 minutes. This should improve the 
response. 
Reference Electrode 
1. Gently pull the reference sleeve away from the transmitter. The 
reference sleeve is the clear blue tube with a porous Teflon® Reference 
Junction attached. 
2. Discard the old electrolyte from the reference sleeve. 
3. Refill the sleeve to the top with reference electrolyte. 
4. With the transmitter sensors pointed toward the floor, push the full 
reference sleeve back on its mount until the sleeve has just covered the 
first o-ring located on the mount (just behind the silver electrode). 
5. Turn the transmitter so that the sensors point towards the ceiling and 
push the sleeve the rest of the way onto its mount. 
6. Rinse with tap water. 
NOTE: In the process of pushing the sleeve into place, trapped air in the 
electrolyte chamber is purged and the air and excess electrolyte flush and clean 
the porous junction on the tip of the sleeve. 
7. If electrolyte does not pass readily through the junction at the tip of the 
sleeve, replace the junction prior to calibration. 
If the response of the probe is not acceptable after maintenance, contact the 
authorized Hydrolab Service Center for repair or replacement of the probe. 
Dissolved Oxygen (DO) sensor 
DO sensor maintenance (changing the membrane) is required when calibration 
becomes impossible or when the membrane covering the cell becomes wrinkled, 
bubbled, torn, dirty, or otherwise damaged. However, scheduled maintenance 
(every 2-3 weeks) is suggested, as frequent electrolyte changes will maximize 
the life of the sensor. Change membranes using the following procedures. 
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1. Remove the o-ring securing the DO membrane. 
2. Shake out the old electrolyte and rinse with fresh DO electrolyte. 
3. Refill with fresh DO electrolyte until there is a perceptible meniscus 
of electrolyte rising above the entire electrode surface of the 
sensor. 
4. Make sure there are no bubbles in the electrolyte. 
5. Hold one end of a new membrane against the body of the DO 
sensor with your thumb and with a smooth, firm motion, stretch the 
other end of the membrane over the sensor surface and hold it in 
place with your index finger. 
6. Secure the membrane with the o-ring. Make sure there are no 
wrinkles in the membrane or bubbles in the electrolyte. 
7. Trim away the excess membrane extending below the o-ring. 
8. Ideally let the sensor soak overnight in tap water to allow the 
membrane to relax to its final shape. 
If the response of the probe is not acceptable after maintenance, contact the 
authorized Hydrolab Service Center for repair or replacement of the probe. 
Depth Sensor 
The depth sensor (optionally equipped) does not generally need maintenance. 
Soap or rubbing alcohol may be used to remove grease, oil, or biological 
material. Rinse with water. If the response of the sensor is not acceptable after 
maintenance, contact the authorized Hydrolab Service Center for repair or 
replacement of the sensor. 
Temperature 
Keep the temperature sensor clean. Soap or rubbing alcohol may be used to 
remove grease, oil, or biological material. Rinse with water. If the response of the 
sensor is not acceptable after maintenance, contact the authorized Hydrolab 
Service Center for repair or replacement of the sensor. 
Circulator 
The transmitters are optionally equipped with a circulator to assist with reliable 
dissolved oxygen measurements. Maintenance steps for the circulator are as 
follow: 
1. If the circulator is clogged with twigs or other small debris, clean the 
impellor in some tap water using a soft bristle brush. A pair of 
tweezers can also be used to remove the debris. Rinse with tap water. 
2. If there is excessive build-up on the impeller, remove the retaining 
screw to clean the build-up. After cleaning the impeller, and before 
inserting the retaining screw, apply a very small amount of 
Loctite ™242 threadlocker (or equivalent) on the tip of the screw. Do 
not overtighten the screw. 
Transmitter 
In addition to normal sensor maintenance, clean the Transmitter with soap and 
water. Never deploy the Transmitter without the probe guard protecting the 
sensors. Always rinse the Transmitter with clean water after returning from 
deployment. 
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